
TMS is immiscible in water-

Chemical Shift



When a sample placed in a magnetic field 
the surrounding electron cloud tends to 
circulate in such a direction as to produce a 
field opposing that applied (so-called 
diamagnetic circulation) 

Chemical Shift (What is diamagnetic 
shielding?)

The greater the electron density around a nucleus, the greater the 
induced counter field that opposes the applied field.



The Basis for differences in Chemical shifts

Due to diamagnetic anisotropy, the nucleus precesses at a lower frequency.

The shielding constant is the sum of a local contribution, a neighbouring group 
contribution, and a solvent contribution. 



which shows that the electron density around the nucleus reduces 
the resonance frequency of the nuclear spin. 

This effect is the basis for the chemical shift in NMR. 

Chemical Shift



Chemical Shift

The frequency shift for an 
atom depends linearly on 
the shielding constants. 

This frequency is different for nuclei in different environments. 
Hence, different nuclei, even of the same element, come into 
resonance at different frequencies if they are in different molecular 
environments. 



Hence, for a given proton, the shift (in Hertz) fromTMS is 5/3 larger in the100-MHz 
range (B =2.35 30 Tesla) than in the 60-MHz range (B0 = 1.41 Tesla) [Confusing!]

Chemical Shift



For 1H NMR, tetramethylsilane, (CH3)4Si, is usually used as a reference 
compound. Defining the chemical shift in this way has the advantage that 
delta is independent of the frequency, so that all measurements using 
spectrometers with different magnetic fields will give the same value of delta. 



By convention, NMR spectra are plotted with δ increasing from right to left.

Chemical Shift
[To overcome the Confusion!]



Advantage

Proportionality,  
it is dimensionless number,  
it is independent of field strength

Chemical Shift



Diamagnetic sheilding and desheilding
This means that it also absorbs radio frequency radiation at this lower frequency. 


Each proton in a molecule is in a slightly different chemical environment and 
consequently has a slightly different amount of electronic shielding, which results in a 
slightly different resonance frequency.

The Basis for differences in Chemical shifts



Diamagnetic sheilding and desheilding

As the shielding σ, gets smaller, δ increases. Therefore, we speak 
of nuclei with large chemical shift as being strongly deshielded.



As the shielding σ, gets smaller, δ  increases. Therefore, we speak of nuclei with 
large chemical shift as being strongly deshielded. 

The ranges exhibit the variety of electronic environments of the nuclei in 
molecules: the higher the atomic number of the element, the greater the number of 
electrons around the nucleus and hence the greater the range of shieldings. 

Chemical Shift



The origin of Shielding constant



The origin of Shielding constant

The -OH proton will be thrown into resonance earlier than the methyl protons  
as the external magnetic field is steadily increased.

This means that the NMR signal of -OH proton  will be 
 observed at the low-end field and that of methyl protons at high end field.

The area of methyl proton will be three time larger than the -OH proton

The CH hydrogen nuclei will precess with a smaller  frequency than that of OH





Two very important facets of n.m.r. spectroscopy appear:
(i) Identical nuclei (that is H nuclei) give rise to different 

absorption positions when in different chemical surroundings 
(for this reason the separation between absorption peaks is usually 
referred to as their chemical shift) 

(2) The area of an absorption peak is proportional to the number 
of equivalent nuclei (i.e. nuclei with the same chemical shift 
position) giving rise to the absorption.

The origin of Shielding constant



How can these chemical shifts be understood? 



How can these chemical shifts be understood? 
Two factors are responsible for the major part of the chemical shift:
The electronegativity of the neighboring group and
 The induced magnetic field of the neighboring group at the position of the nucleus of interest. 



Concept and origin of spin-spin splitting

•Nuclei which are close to one another could cause an influence on each other's 
effective magnetic field.  If the distance between non-equivalent nuclei is less than or 
equal to three bond lengths, this effect is observable. This is called spin-spin coupling 
or J coupling.



Why the signal for proton A split to a doublet?
Splitting of the spectral line arises because of a coupling interaction between neighbour 
protons, and related to the number of possible spin orientations that these neighbours 
can adopt.



Splitting pattern



Concept and origin of spin-spin splitting

Splitting reflects the environment of the 
absorbing protons: not with respect to 
electrons, but with respect to other nearby 
proton.



Concept and origin of spin-spin splitting



spin-spin splitting

In general, the first 
order spectra will only 
arise if the separation 
between multiplates is 
much larger than the 
coupling constant, J.

Where Δν is the difference of chemical shift.



spin-spin splitting



spin-spin splitting



What Determines the Size of the Net Magnetization? 

The effect of the static field 

As the field is increased, the Larmor frequency increases and the 
precession becomes faster. 
  
Secondly, the populations of the two spin states (the numbers of α and β 
spins) at thermal equilibrium change, and there will be more α spins than  
β states 



The greater the field strength, the greater is the size of the Net Magnetisation

What Determines the Size of the Net Magnetization? 

The value of the Net Magnetization determines the maximum available NMR signal.  



In order to generate a signal from the net magnetization that is detectable, the 
radiofrequency (rf) magnetic field is generated by the rf transmitter coil (the 
integral body coil) and used to deliver energy into the population of protons.
 This field must be applied at a particular frequency, known as the Larmor 
frequency, that is determined by the strength of the magnetic field such that: 

The Larmor frequency is proportional to the strength of the magnetic field and is 
typically in the Megahertz range, for example, for 1.5 T, the Larmor frequency is 
63 MHz. This is also known as the resonant frequency, as the protons absorb 
energy (or resonate) only at this characteristic frequency. The constant in the 
Larmor equation is known as the gyromagnetic ratio and has a value that is 
characteristic for a particular nucleus (42.6 MHz/T for the proton). 
The rf field is normally applied as a short pulse, known as an rf pulse. 

How Do We Generate a Signal? 

Larmor equation. 



How Do We Generate a Signal? 
Why are two separate magnetic fields needed for the experiment? 

The static magnetic field B0 gives 
rise to the two energy levels shown 
as a function of the magnetic field 
s trength. I t does not induce 
transitions between the two states. 
However, the rf field B1 induces 
transitions between the two levels if 
the resonance condition is met.  



In a resonance experiment, a 
circularly polarized radiofrequency 
magnetic field B1 is applied in the 
xy-plane (the magnetization vector 
lies along the z-axis). 

If we step into a frame rotating at the 
radiofrequency, B1 appears to be 
stationary, as does the magnetization M if 
the Larmor frequency is equal to the 
radiofrequency. When the two frequencies 
coincide, the magnetization vector of the 
sample rotates around the direction of the 
B1 field. 

How Do We Generate a Signal? 



How Do We Generate a Signal? 

To interpret the effects of radiofrequency pulses on the magnetization, it is useful to 
imagine stepping on to a platform, a so-called rotating frame.

The B1 interacts with the magnetisation M to produce a torque which moves the magnetisation  
toward the xy plane.



What Does the RF Pulse Do to the Magnetization? 

When the rf pulse is switched on, 
the proton magnetic moments start 
to rotate together about the main 
magnetic field. This causes the net 
magnetization to move away from 
its alignment with the z-axis and 
to rotate around it. 

This angle that the net 
magnetization is rotated 
through by the rf pulse is 
known as the flip angle. 



What is the	effects	of	a	90°	pulse	and	of	a	180°	pulse	on	a	system of	
spin1/2	 nuclei	in	a	static	magnetic	field? 



How Do We Generate a Signal? 

(a)If the radio-frequency field is applied for a certain time, the 
magnetization vector is rotated into the xy-plane. 

(b) To an external stationary observer (the coil), the magnetization 
vector is rotating at the Larmor frequency, and can induce a signal 
in the coil. 



As time passes, the individual spins move out of step 
(partly because they are precessing at slightly different 
rates, as we shall explain later), so the magnetization vector 
shrinks exponentially with a time and induces an ever 
weaker signal in the detector coil. The form of the signal 
that we can expect is therefore the oscillating- decaying 
free-induction decay (FID) 

Free-induction decay (FID) 

Free- free of the influence of Rf
Induction- induced in the coil 
Decay- decaying back to equilibrium 



Free-induction decay (FID) 



Relaxation:What Happens After the RF Excitation Pulse? 

Immediately after the rf pulse, the spin system starts to return back to its 
original state, that is, equilibrium. This process is known as relaxation. 

There are two distinct relaxation processes that relate to the two components of 
the net magnetization, the longitudinal (z) and transverse (xy) components. 

The first longitudinal relaxation process, commonly referred to as T1 
relaxation, is responsible for the regrowth of the z component along the 
longitudinal (z) axis to its original value at equilibrium.



T1 relaxation describes the 
recovery of the z-component 
(Mz) of the magnetization 
following an rf pulse as the 
population of protons returns 
to its equilibrium state. 
 



What is T1 Relaxation?



The rate of precession for an individual proton depends on the applied magnetic field. It is however 
possible for the magnetic moment of one proton to slightly modify the magnetic field of a 
neighboring proton constituents of atoms within molecules, they are moving rapidly and randomly, 
and so, such effects are transient and random. The net effect is for the Larmor frequency of the 
individual protons to fluctuate in a random fashion, leading to a loss of coherence across the 
population of protons. That is, the spins gradually acquire different phase angles, pointing in 
different directions to one another and are said to move out of phase with one another (this is often 
referred to as dephasing). 
 

What is T2 Relaxation? 

The resultant decay of the transverse component of the magnetization 
(Mxy) has an exponential form with a time constant, T2, hence this 
contribution to transverse relaxation is known as T2 relaxation. 





What is T2 Relaxation? 



How to determine spin-lattice relaxation time?




