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Nuclear Magnetic
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Background

* 1. A spinning charge generates a
magnetic field, The resulting spin-
magnet has a magnetic moment
(H).
e 2. In the presence of an external %
magnetic field (B,), two spin
states exist, +1/2 and -1/2.
+%I:DI’D'.:I (or [3)
.| Unpaired | Unpaired | Net Spin Energy States
Nuclei Protons Neutrons | Spin (MHzZ/T)
H 1 0 1/2 42.58
°H 1 1 1 6.54
31p 1 0 1/2 17.25
23Na 1 2 3/2 11.27
14N 1 1 1 3.08
13C 0 1 1/2 10.71
OF 1 0 1/2 40.08




Background

3. The difference in energy
between the two spin states is
dependent on the external
magnetic field strength

4. For the four common nuclei
the magnetic moments are: 1H
M=2.7927, 19F u = 2.6273,
31P u=1.1305& 13C u =
0.7022. The approximate
frequencies that correspond to
the spin state energy
separations for each of these
nuclei in an external magnetic
field of 2.34 T.

B,=234T _pB,  4.68u

13C 31|:| 19F1H

0 25,2 40,5 94 100
¥ [MHz)



A Model for NMR Spectroscopy

« Just as a spinning mass will
precess in a gravitational field
(a gyroscope), the magnetic
moment p associated with a
spinning spherical charge will
precess in an external
magnetic field. Bo

e The frequency of precession ;
" ZyB..

« The frequencyw Is called the
Larmor frequency

* The proportionality constant y
IS known as the gyromagnetic
ratio (proportional to the
magnetic moment y = 2pm/hl).

A Spinning Charge
in a Magnetic Field

¥

A Spinning Gyroscope
in a Gravity Field




A Model for NMR Spectroscopy

« If rf energy having a frequency z
matching the Larmor frequency |.4m
IS Introduced at a right angle to /

the external field (e.g. along A s,
the x-axis), the precessing x x; ;
nucleus will absorb energy and B°§f .
the magnetic moment will flip B i

to its | = -1/2 state.




A Model for NMR Spectroscopy

The energy difference between
nuclear spin states is small compared
with the average kinetic energy of
room temperature samples, and the

+1/2 and -1/2 states are nearly equally ;

populated. Indeed, in a field of 2.34 T tgore

the excess population of the lower spin states -
energy state is only six nuclei per

million. i

The macroscopic magnetization of a
sample containing large numbers of
spin 1/2 nuclei at equilibrium in a
strong external magnetic field (Bo). A
slight excess of +1/2 spin states
precess randomly in alignment with the
external field and a smaller population
of -1/2 spin states precess randomly in :
an opposite alignment. An overall net I SEE
magnetization therefore lies along the

Z-axis.
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A Model for NMR Spectroscopy

« First, the net magnetization shifts
away from the z-axis and toward
the y-axis. This occurs because Mol
some of the +1/2 nuclei are excited
to the -1/2 state, generating a
significant y component to the net / T
magnetization (M). coil

o After irradiation the nuclear spins

return to equilibrium in a process
called relaxation. As the xy
coherence disappears and the

o]
o

population of the +1/2 state ,
Increases, energy is released and M
detected by the receiver. The net "4

magnetization spirals back, and

eventually the equilibrium state is y
reestablished / ]ET_

coil
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Fourier Transform
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Pulsed Fourier Transform
Spectroscopy




Pulsed Fourier Transform
Spectroscopy
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Pulsed Fourier Transform
Spectroscopy
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Pulsed Fourier Transform
Spectroscopy
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Simple 1D Spectrum

Basic 1D-NMR pulse sequence
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NMR spectrometer

Fadio frequency
tranzmitter

F.adio frequency
recaiver & amplifier

spinning
zample tube

Sweep Generator




NMR Facility

wibration
damping
pier

Turbo Pump



NMR Probes

Saddle Coil




NMR Magnet
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Chemical Shift

« Why should the proton nuclei in
different compounds behave
differently in the nmr experiment?

o Induced Field

— Since electrons are charged : (From electron motion)
particles, they move in response 1B
to the external magnetic field
(Bo) so as to generate a
secondary field that opposes the
much stronger applied field. This
secondary field shields the
nucleus from the applied field, so
Bo must be increased in order to
achieve resonance (absorption of
rf energy).




Chemical Shift

= [Ncreasing Magnetic Field at Frequency of 100 MHZ e

23487 T 2.34BBIT

= [ncreasing Magnetic Field at Fixed FreqUEnCy g
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H atorn H20 liq 07 CHg4 [Most Organic Hydrogen
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Chemical Shift

—_— Icreasing Magnetic Field at Fixed FreaqUency i
- [Ncreasing Frequency at Fixed Magrnetic Field
Increased Shielding by Extranuclear 2l2chirOns e

Hz

C
Clzt cl, ,CI HaC Hz " “CHz CHa
=0 o=c] HaC MO :S=O HzCo CH2 HaC-Si-CHa
H H H HsC Hz ~Hsz
H
H H
cl, H ey HaC, CHz
- 1
H H el HagT TEH= =0 | HaC-C—CHz
A cl” TH HzCo | CHz HaC Ehg

IH MMPR Resonance Signals for some Different Compounds

the location of different nmr resonance signals is dependent on both
the external magnetic field strength and the rf frequency

an alternative method for characterising and specifying the location
of nmr signals is needed

One method of solving this problem is to report the location of an
nmr signal in a spectrum relative to a reference signal from a
standard compound added to the sample




Chemical Shift

— [ncreasing Magnetic Field at Fixed FreguUency e

M ["Creasing Frequency at Fixed Magnetic Figld
— roreased Shielding by Extranuclear elections e
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H NMR Resonance Signals for some Different Compounds



Chemical Shift

— [ncreasing Magnetic Field at Fixed FreguUency e
M ["Creasing Frequency at Fixed Magnetic Figld

GHz
H3C-Si-CHa
CHs
H
TMS
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cl, -y .
’ ’ o t=0
Cl Hal
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215 Hz
Bo=234T{ | 7aap Sa0Hz |«
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The Separation of Resonance Signals {in Hz) Increases with Increasing Field Strength



Chemical Shift

— [ncreasing Magnetic Field at Fixed FreguUency e
M ["Creasing Frequency at Fixed Magnetic Figld

Chemical Shift
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Chemical Shift

— [ncreasing Magnetic Field at Fixed FreguUency e

M ["Creasing Frequency at Fixed Magnetic Figld
— roreased Shielding by Extranuclear elections e

Ez CH
LN 3
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Integration
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Spin-Coupling/Splitting
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Spin-Coupling/Splitting
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Spin-Coupling/Splitting

Multiplicity
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doublet
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Spin-Coupling/Splitting
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One Coupled
Hydrogen

Twio Coupled
Hydrogens

Thres Coupled
Hydrogens

Z H
", /
c—cC
; *,
C C
C H
*, /
—v
HJK C
H H
N
—Ts
H;f C
Hg H

I
—

Ha C—Hc

A Singlet
Ja
3
o \ o i Doublet
1
T !
[ S L
E A
3 J-B [} 3 J.B b
I I I I A Doublet
: i : : i : of Croublets
T Rl
."I". ."I". ."I"'. ."I"'.
T 1T Teh T
A Droublet
of Droublet
of Doublets



Spin-Coupling/Splitting

Magnitude of Some Typical Coupling Constants

Structural Type J(Hz) Structural Type J(Hz)
H
| | f
H—C-{C)y—C—H 0 C=C, 12 to 18
| | (unlasz in a rigid ,.-"r H
ideal orientation)
H\\ IH
Hal—CHa—X 6toB = 7to 12
£
HaC, N H
CH-¥ Sto 7 fc_c\ 0.5to03
g H
H=iZ
A
HjC—CiH 2to 12 =i,
x"r 1'1.T, (depends on dihedral angle / _____,[:—H 3 to _11
and the nature of ¥ and ¥) A (depends on dihedral angle)
| |:|: =C-H 2tn 3
—tg 0.5to 3 —LTE=L 0
H H H
H o 0 6tog
e | m 1to3
- o 2 p Otol
-"'f H (rust be diasterectopic) H




Spin-Coupling/Splitting

| H
1 HE — o 1 HE
N e - (A RO e

H3J¢=55° Ha

JEE=3'5 HE 'JE-EI=4'|:I HE 'J-EI-EI= IE.I:I HE

cis-4-tert-butyl-1-chlorocyclohexzane trans-4-tert-butyl-1-chlorocyclohexzane



Spin-Coupling/Splitting




Spin-Coupling/Splittin
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1D CARBON SPECTRA
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13C spectroscopy

PP assign
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13C spectroscopy

13 nmr of Camphor
25.1 MHz in DiCLz
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13C spectroscopy

PP assign
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The Influence of Magnetic Field
Strength

CaHsCIO 100 MHz
in COCls solution
jJ< MJJM 1
I
| ' | ' | ' I ' | ' | ' |
6.0 5.0 4.0 3.0 2.0 1.0 0.0 ppm
a00 MHz

ZgHsCIO

| I 1 1 1 | 1 1 I 1 | ':ll:lrr
3.500 3.000 2.5200



2D Spectroscopy

COSY pulse sequence

a0*® g0°

I t1

evolution




2D Spectroscopy

1H CO5Y of ethanol

4 &.3 W1CPPM2

LI2ZCPPM2



2D Spectroscopy




2D Spectroscopy
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13C resonances assignment
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Protein NMR

,_ “_|' -rx_| II 'I.j|l-'lir. . l~
o |UJ sl Y
r'u o & 1 2 0

1H chemical shift (ppm}

d E- -t-:-l:lu:; ra .(.:.r:l.a_i
NS
L BE|Z'H..: ?|)
—N'===aC’ \ N
"\ |- ] k| .
duu—-—-l-H :_‘!"I::...;du"—.._,H
drm## \\ij_—/ \\H‘dm

Leu Val lle CHz

10

F1 (ppm)



g

61

"W .

8- »o%mr-:

m f

a8 ~wn:m.':




Protein NMR




Protein NMR
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Protein NMR
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Drug discovery
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LC-NMR
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LC-NMR

Butyl S0 mog
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A procedure for Metabonomics

Tissue or biofluid
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Metabonomics
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Metabonomics
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Metabonomics
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Imaging MR
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Imaging MRI
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Imaging MRI
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In Vivo Spectroscopy

« A 57 year old male
presents with left
hemisensory deficit and
Increasing somnolence.
MRI demonstrates an
enhancing right
ganglionic mass (Figure
A) with central
hyperintensity and
surrounding edema on
the T2-weighted and
FLAIR images (Figures B
& C).




In Vivo Spectroscopy

» Differential diagnosis favored a
tumor, however, an abscess
could not be excluded. Proton
spectroscopy (PROBE-SV)
(Figure D) demonstrated a
surprising lack of choline
(which would have indicated a
tumor) with high lipid and
lactate indicating membrane
breakdown, necrosis, and
anaerobic metabolism more
suggestive of an abscess.




In Vivo Spectroscopy

e As this was early in our
experience, the
neurosurgeon insisted on
an MR-guided brain
biopsy which yielded
toxoplasmosis (Figure E).

* In AIDS patients, proton
spectroscopy can often
make the difference
between biopsy and no
biopsy for necrotic
lymphoma vs.
toxoplasmosis.
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A C4H80O2 compound has a strong
infrared absorption at 1150 cm-1, but
no absorption at 3300 to 3400 cm-1.
It's 1H NMR spectrum shows a singlet
at & 3.55 ppm. The 13C NMR
spectrum shows one signal at d 66.5
ppm. Suggest a structure for this
compound.
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