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Theory of NMR Spectrometry

Orientation of nuclel in a magnetic field

The mognetic moments (spins] of the noclei in o
somple ore randomly ariented in the ohbsence of
an externcl mognetic fisld.

Random orientation

YWhen the somple 5 ploced in an MNAAE
specirometer, o shong magnetic fisld H;, called
thee static field, s ocpplied. The spins precess
arcund the appbed fisld at the Larmour frequency,

In presence of a magnetic field
Magnetic moments precess and
Orient with or against the field



Precession




Directional Quantization

If a nucleus with angular momentum P and Magnetic Moment p

IS place in a magnetic field B, ,

The angular momentum takes an orientation along B, such that it is an
Integral or half integral of h (Plank constant)

. . . B
m is the magnetic or directional -

quantum number it can take P,=+%h
values:

m=1,1-1,....,-l P,=-%h

There are then 21 + 1 orientations in the field



Directional Quantization

The Magnetic Moment n = m y h precess

around the z-axis (magnetic field B)

v, =y By/2n

The Energy of a magnetic dipole in the magnetic field B, is:
E=-uB, Wherep=myh

For a nuclei with (21+1) orientations the energy of the individual states

(Zeeman levels) is:



Energy Level and Resonant Transitions

For spin | =% the energy gap between the 2 levels is:
AE=yhB,=hv

v =y B,/2n
Forspinl=1
=
m=-1 | i =-1% yh B, =-1 E=-1yhB,
AE m=0 g-g
m =+ +—— E=+%yhB, D=L EF=11ynB,




Energy vs Field Strenght

T B
AE =vh B,
| | - By
VL 60 MHz 200 MHz 300 MHz

e.g. with By=1.4 T (v, =60 MHz)

Boltzmann Equation
AE,~2.4J/mol At T=300K

N

WB = g (AEKKT) _ q _ AE/KT Ng =.9999904 N,,
@ with B,=7.05 T (v, =300 MHz)
Where k=1.3805 x 102 J K Ng =.99995 N,

T is the temperature



Field Dependance of a spectra

Field dependance of a spectra

CH3-CcH2Z GROUP

FREQ.DIFF. = 0.5 PPM

J = 6.5 HZ

SPIN SIMULATION

f AT 10 MHZ
AT 60 MHZ
AT 200 MHZ
U | AT 300 MHZ
-
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Spin Quantum Number

ELEMENT # Protons # Neutrons | (Spin Quantum Number)
'H 1 0 1/2
’H 1 1 1
H 1 2 1/2
“He 2 2 0
SHe 2 1 1/2
OLj 3 3 1
Lj 3 4 3/2
10 5 5 3
g 5 6 3/2
2c 6 6 0
B¢ 6 7 1/2
UN 7 7 1
BN 7 8 1/2
Even mass:

# protons & # Neutrons Both Even : 1=0 (*He, 12C ...)
# Protons & # Neutrons Both Odd : =1, 2, .... (Integer)

Odd mass: # protons odd & # Neutrons Even : 1=1/2, 3/2, ... (Half-integer)
# protons even & # Neutrons odd : 1=1/2, 3/2, ... (Half-integer)



Important Elements in NMR Spectrometry
There are 4 important elements in Org. Chemistry: (frequency at 2.35T)

e H: Best NMR element

— IH, I =% (sharp lines), a = 99.98% , high frequency (v = 100
MH2z)

— 2H, I =1 (broad lines), a = 0.02%, v = 15.4 MHz, Q=0.038
« C:
— 12C, 1 =0 (no signal in NMR)
— BC, 1=%(sharp lines), a=1.1%, v =25.3 MHz
* N:
— 14N, | =1 (broad lines), a = 99.6%, v = 7.2 MHz, Q=1.0
— BN, I =% (sharp lines), a=0.4%, v =10.1 MHz
« O:
— 160, 1 =0 (no signal in NMR)
— 17Q, 1 =5/2 (broad lines), a = 0.04%, v = 13.5 MHz, Q=-0.037



Important Elements in NMR Spectrometry
N :
— 14N, I =1 (broad lines), a = 99.6%, v = 7.2 MHz Q=1.0
— BN, I =% (sharp lines), a=0.4%, v=10.1 MHz Q=0

Although N-14 has large natural abundance, the presence of quadrupole
moment and very low frequency make it impractical for NMR studies.

The presence of quadrupole moment in that abundant element alter the
shape of nearby protons and carbons

N-15 iIs a better candidate but the low abundance & low frequency render
it’s observation extremely difficult.



Important Elements in NMR Spectrometry

Halogens: *°F, ClI, Br, |
1P, S

B, #°Si

Na

Co, Cd, W, Pt, Hg...



Relaxation Effects

T, : Spin-Lattice Relaxation: reestablish population equilibrium along Z
Convert Spin Energy to thermal energy => spin transition from
upper to lower state

T, : Spin-Spin Relaxation: Dephase nuclear dipole in the XY plane

There are 5 mechanism for T, Relaxation

1. Dipole-Dipole : most important => intramolecular interaction
between nearby nuclel. Depends on intensity of magnetic
moment and on distance between nuclei

Spin-Rotation
Anisotropy

Scalar coupling

a k~ W N

Quadrupolar Relaxation (very large)



Chemical Shift in NMR

Since It Is not easy to report and measure Absolute Frequency,

Relative scale referencing is usually adopted in NMR

ref
+ -
0
_ YV "Vt (Hy) 6 _ Av (H2)
S (ppm) = el ¢ 10° = 108
(PPM) Uref (MH2) Uyt (MHZ) ’
In 1H, ?2H, 13C, 2°Si : ref. is TMS
In 7Se : ref. is (Me),Se MeNO, NH +CI
4

In 19Sn : ref. is (Me),Sn
In 1°N : ref. is Nitromethane

0 5 -337.8



Chemuical shift in NMR

1. Chemical shift (5) = ppm
Structural information

Vpeak — Vrer (HZ2)

O (PPM) = ---emmmemmmoemmoennoeoooee = ppm
Freq of the nuclel (MHZz)

e.g. at 200 MHz:

If R-CH(OR), appear at 1,000 Hz from TMS (0)
It’s chemical shift is:

o = 1,000 Hz/200 MHz =5 ppm

d 1s dimensionless (independent from the applied field)
n changes with the appled field



0 IH NMR: C¢H,,O,

|/\| CH,; (Et)
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IH NMR:C4H,,0,

H3C\C/H -
lc,l 0 CH CH t“plet
H/ \ﬁ/ \CH; Z\CH; °
. (@)
triplet
_ Roof effect
#lines = n +1
quintet
sixtet

2.00 2.05 2.06 2.99
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