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Nuclear Spin
• Electrons have the tendency to 

spin, with a fixed spin number of -
1/2 and +1/2

• The nuclei of some atoms also 
have a property to spin

• The number of spin of a nucleus is given 

by spin quantum number (I)



All nucleus are not active (or show spin)

No. of protons No. of neutrons Spin quantum no. (I) Example

even even 0 12C, 16O

odd even 1/2, 3/2, 5/2…. 1H, 19F, 31P

even odd 1/2, 3/2, 5/2…. 13C

odd odd 1, 2, 3…. 2H, 14N



North

North

NorthNorth



Ex: 3

Ex: 4



NMR Principle



Main information we obtain
from an 1H NMR Spectrum 



1. The Number of Protons – NMR Integrals

• How many protons you have for the given signal?

• The number of protons (it is the relative number) is given right under the integral sign

• The height of the integral is proportional to the number of the protons.



2. Chemical Shift

Protons should resonate at the same frequency then why they give a 
signal at different energy or frequency?



2.1 Shielding effect



2.2 Downfield and Upfield



2.3 Shielding and Frequency relation

Remember the terminology upfield and downfield with 
respect to shielding experienced by the protons

Conventional NMR: 

stronger magnetic 

field required to 

resonate 

Conventional NMR: 

weak magnetic field 

required to 

resonate 

Modern NMR: 

Experiencing strong 

magnetic field

Modern NMR: 

Experiencing weak 

magnetic field





Question 1



NMR Instrumentation
(continuous wave field sweep)



NMR Instrumentation
(Fourier-transform NMR)



3. Splitting

NMR signals may have different number of peaks (the number of lines). This is 

called the splitting of the signal or the multiplicity

Do not confuse splitting with the 

integration, these two are not 

related



3.1 The Origin of Splitting

• The splitting is caused by the hydrogens on 

the same (geminal hydrogens) or on the neighboring 

carbons (vicinal hydrogens)

• Only non-equivalent protons split the signal of the 

given proton(s)



1,2-dichloroethane

1-chloro-2-bromoethane



3.2 Splitting of the signal





3.3 Spin multiplicity (n + 1 rule)

• The formula for predicating the number of peaks base on the 

neighboring hydrogens is given as the n + 1 rule, where n is 

the number of neighboring protons

• The more general formula for this is 2nI + 1, where I is the 

magnetic spin number of the given nucleus

• And since it is equal to 1/2 for hydrogen, the formula that we 

use in 1H NMR is n + 1







3.4 Why peaks of different frequency?

Hb spin aligned 

with B0

Hb spin aligned 

against B0

Magnetic field 

experienced by 

Ha is more, high 

energy, high 

frequency
Magnetic field 

experienced by Ha

is less, low energy, 

low frequency



3.5 Importance of Spin splitting

How do we distinguish between the two methyl 

groups in the following molecule?

They are both next to 

electron-withdrawing 

groups with comparable 

power & they will both have 

the same integration





Question 2



1,1,2-trichloroethane

1,1,2,2-tetraiodoethane

1,1-dichloroethane

1-chloro-2-bromoethane



Question 3

Indicate the number of signals and the multiplicity of each signal in 

the 1H NMR spectrum for the following compound:





Major application

• Molecular structure determination:





Learning shouldn’t be hard,
it should be fun….


