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NMR Spectroscopy

NMR spectroscopy is a form of absorption spectrometry.
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Most absorption techniques (e.g. — Ultraviolet-Visible and Infrared) involve
in the case of NMR, it is the nucleus of the atom which
determines the response.

the electrons...
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An applied (magnetic) field is necessary for the absorption to occur.
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Spectral Properties, Application and Interactions of Electromagnetic
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Nuclear Spin
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Don't think too literally about the proton physically spinning like a little
pasketball. In quantum mechanics, "spin” is an intrinsic property of the
narticle.
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* A nucleus with an odd atomic number or an odd mass number
has a nuclear spin.

* The spinning charged nucleus generates W
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Spin Quantum Numbers

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

Applied

R Mo field magnetic field
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* If the number of neutrons and the number of protons are both even,
then the nucleus has NO'spin. WAk inachive

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

* |If the number of neutrons and the number of protons are both odd,
then the nucleus has an integer spin (i.e. 1, 2, 3)



SPIN QUANTUM NUMBERS OF SOME COMMON NUCLEI
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Atoms acti\;e ig NMR
1/2: H, 1360, 1qgl:, 1p
1: ’H, N /

3/2: 15N

%

Atoms not active in NMR
I= 0: 2, 150
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Behavior of spinning protons with
external magnetic field
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THE NUCLEUS IN A MAGNETIC FIELD

When nuclei are exposed to

external magnetic field of strength

their spins

the applied field, either spin

line up parallel to

aligned (a-spin state) or spin
opposed ([3-spin state) to the

external field.
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Nuclear Spin Energy Levels
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In a strong magnetic field (B )
the two spin states differ in
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Without an external magnetic field:

The two spin orientations have
essentially the same energy.
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» AE gnd Magnet Strength

The energy ditference between aligned and opposed to the external magnetic field (Bo) 1s generally small and 1s
= dependent upon Bo
Applied EM radiation (radio waves) causes the spin to tlip and the nucle1 are said to be in resonance with Bo
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AE and Magnet Strength

The energy ditference between aligned and opposed to the external magnetic field (Bo) 1s generally small and 1s
dependent upon Bo

Applied EM radiation (radio waves) causes the spin to flip and the nucle1 are said to be 1n resonance with Bo
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Magnetic Shielding

If all protons absorbed the same amount of energy in a given
magnetic field, not much information could be obtained.

But protons are surrounded by electrons that shield them from the
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Shielded Protons

Bo

Magnetic field strength must be increased for a

shielded proton to flip at the same frequency.
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Molecule
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Depending on their chemical environment, protons in
a molecule are shielded by different amounts.
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NMR Signals S

* The number of signhals shows how many different kinds of protons
are present.

1
ole shail d e

* The location of the sighals shows how shielded or deshielded the
proton is.

* The intensity of the sighal shows the number of protons of that
type. g5 O—= > H I sose Sy LAy 5'o) Peak CLQ_;l

* Signal splitting shows the number of protons on adjacent atoms.
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Increasing electronegativity
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* Since silicon is less electronegative than carbon, TMS protons are
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of H

wuolicdocsl o Qrganic protons absorb downfield (to the left) of the TMS signal.
o o c - H
Spedrum i 4«

relrence. S TMS 5 - () ppm




O/F_MS O~
desheilded sheylcled

Chemical Shift

P M
* Measured in parts per million.

b}
* Ratio of shift downfield from TMS (Hz) to total spectrometer

frequency (Hz).

* Same value for 60, 100, or 300 MHz machine.
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* Called the delta scale (O). neelad o Fiip



Chemical Shift calculation L2 e

HZ 20 1z
: 8' I A "R WA ¢ T
O= VH - VTNIS/ VNI\/IRX 10° ppm Vg X10°

O= Chemical shift (ppm)

V = Frequency of proton

Vims™ 0

Vime= 60 MHz or 100MHZ or 300 MHz

1MHz= 10° Hz




Delta Scale

shift downfield from TMS (in Hz)

spectrometer frequency (in MHz)

chemical shift, ppm 0O =

| | | | | | | | | | |
600 Hz 480 Hz 360 Hz 240 Hz 120 Hz O Hz

> 10 9 3 17 6 5 4 3 2 l 0
ppm 0 * TMS

60 MHz

| l | | | I | | | | I
3000 Hz 2400 Hz 1800 Hz 1200 Hz 600 Hz O Hz

> 10 9 3 ] 6 5 -4 3 2 l 0
ppm 0 f TMS

300 MHz




200 N,

Q0 MHZ

b

Example: CI-CH2-O-CH3 shows 2 absorptions for H NMR and two for C NMR
on a @O MHz NI\/@ H resonances are at 300 Hz and 480 Hz
(the instrument is tuned so that TMS absorbs at exactly 90 MHz) calculate
the O delta for both proton and carbon.

For H NMR
-6
5=300Hz-0/90 MHzx 106 £3.3 ppm) = 3 3 X0
0 =480Hz-0/90 MHz x 106 = 5.3 ppm

for C NMR, the absorptions are at 1290 Hz and 1910 Hz
(Where TMS is at 22,6 MHz)

5=1290 Hz- 0/ 22.6 MHz x 106 = 57.1 ppm
O =1910Hz-0/22.6 MHz x 106 = 84.5 ppm
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. *Hydrogen bonding in concentrated solutions.deshield
e e . the protons, so signal is around 3.5 for N-H and ©4.5
for O-H.
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*Proton exchanges between the molecule@
the peak.
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Preton NMR
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one  @enk Equivalent hvdrogens have the same chemical shift.
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Intensity of Signals
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How Many Hydrogens?

When the molecular formula is known, each integral rise can be

assigned to a particular number of hydrogens.
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