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Lecture 30
Principle of NMR
Hello students, in the last lecture I discussed about fluorescence and fluorescence

microscopy. In this lecture I will start to discuss about one of the most important technique
for chemical molecule characterization and biomolecule is NMR. And in this lecture I am

going to discuss about principles of NMR spectroscopy.
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NMR

* Absorbed photon promotes a nuclear spin from its
ground state to its excited state.

* The degeneracy of the energy levels s lifted by the
interaction of nuclear dipole moment with an intense
external magnetic field.

* Excitation of transitions between energy levels is
stimulated using radio-frequency electromagnetic
radiation.
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In NMR when sample is irradiated with light the absorbed photon promotes a nuclear spin
from its ground state to its excited state. So, here basically radio frequency pulse is applied
and which promotes a nuclear spin from its ground state to excited state. The degeneracy of
energy levels is lifted by the interaction of nuclear dipole moment with an intense external

magnetic field.

So, initially all the nuclear levels are degenerate and their degeneracy is lifted by the
interaction of nuclear dipole moment with an intense external magnetic field. Now you need
radiofrequency-electromagnetic radiation to excite nuclear spin from ground state level to the
excited state. So, transition between different energy levels is done by using radio frequency

electromagnetic radiation.

So, two, three things are important, one is that the levels are degenerate, levels are

degenerate, their degeneracy is lifted by external magnetic field. So you require an external



magnetic field to remove the degeneracy. And then transition between the energy levels will

be stimulated using radio frequency electromagnetic radiation.
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Difference with other spectroscopy

+ The generation of the ground and excited NMR states requires the
existence of an external magnetic field.

* NMR excited state has a life time that is on the order of 10° times
longer than the lifetime of excited electronic states.

* According to Heisenberg Uncertainty principle, AEAt =h/2m. The
longer an excited state exist, the narrower the line width.
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So, what does that mean is that the generation of the ground and excited NMR states requires
for the existence of an external magnetic field. Already I have talked about life time and now
you know what is the importance of life time. NMR excited state has a life time that is on the
order of 10 to power 9 times longer than the lifetime of excited electronic states. So, if you
remember when [ talked about Heisenberg Uncertainty principle, it tells you that the longer
and excited state, the longer and excited state exist, the narrower the line width. And so NMR

is a very high resolution technique.

(Refer Slide Time: 3:46)

Difference .....

* Longer lifetime also facilitates multi-dimensional spectroscopy by
allowing the resonance frequency information associated with one
spin to be passed to ancther.

* The longer life-time permits the measurement of molecular dynamics
over a wide-range of time scales.
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Longer lifetime not only ensures a better resolution, it also facilities multidimensional
spectroscopy by allowing the resonance frequency information associated with one spin to be
passed to another. And that is why you see 2D, 3D, 4D NMR. The longer life time permits
measurement of molecular dynamics over a wide range of time scales. These are the few of

the advantage associated with NMR measurements.
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Spin

* All nucleons, that is neutrons and protons, composing any atomic

nucleus, have the intrinsic quantum property of spin (I).f'

* The nuclear spin is sum of spin of protons and neutrons. | is
calculated using Nuclear Shell model. | depends on the mass and
atomic number of the nuclei

®
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Now, let us come back to basic. So you must be knowing that all nucleons, which consist of
neutrons and protons have intrinsic quantum property of spin, which is shown by I. Nuclear
spin is sum of spin of protons and neutrons, since nucleus consist of protons and neutrons and
so nuclear spin is sum of spin of protons and neutrons. I can be calculated using nuclear shell
model, I can be calculated using nuclear shell model. I depends on mass and atomic number

of the nuclei.
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And these are the different energy levels associated with different orbitals, some of them I
have already discussed in the atomic spectroscopy, so I am not going to go into detail. But

filling of nucleons in these levels gives you the value of 1.
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Determining Spin of Isotopes
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In general if the mass number is odd, atomic number is even or odd, I will going to have
value half, 3 by 2, 5 by 2. So it will going to have fraction values and they are detectable by
NMR. If mass number is even, and atomic number is even, then I is going to have value 0, so
the nuclei with even mass number and even atomic number is not NMR active. A nuclei with

even mass number and odd atomic number is going to have value of I equal to an integer 1, 2,



3 and it is NMR active. So a nuclei with even mass number, odd atomic number is going to

be NMR active.

So for example, if you take proton 1H nuclei it is going to have I equal to half and for a
nuclei 14 N I is going to be 1. And you can see that it has N has your even mass number and
odd atomic number 14 is even and its atomic number is 7 and so it is going to have I equal to
1 or I value which is an integer. So these two are NMR active nuclei, NMR active nuclei and

the possible number of spin state is going to be 21 plus 1, 2I plus 1.

And what does that mean is proton is going to have two spin states, whereas 14 N going to
have three spin state. But they are degenerate states only when you apply magnetic field the

degeneracy is removed.
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All nucleons, that is neutrons and protons, composing any atomic

nucleus, have the intrinsic quantum property of spin.
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As we know that a rotating object versus angular momentum again this [ have discussed in
spin orbit coupling that a rotating object processes an angular momentum is given by mvr and
its direction can be known from the right hand rule, known from the right hand rule. So if

suppose the rotating direction is this side, then your momentum will be towards this axis.
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Spin and Magnetic Moment
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Now Spin is rotating and it is also charged, what does that mean is that a magnetic field will
be induced. So, nucleus with spin is going to have nuclear magnetic moment as a bar magnet

has a magnetic moment.
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So, let us see what will be the value of magnetic moment. This I have already discussed I will
again discuss that magnetic moment is simply equal to current multiplied by area and as we
know current is dQ by dt and dt is your distance divided by velocity, we have velocity of light
and then 1 average can simply be written as delta Q by del t or in this term you can write

simply c by delta x into delta Q.



So, 1 is equal to c divided by 2 pi r, pi r because you are talking about parameter of a circle
and so delta x is 2 pi r and Delta Q is charge which is equal to e, charge which is equal to e.
So an area of circle is pi r square. So we can get mu, mu is equal to i, i is your ¢ divided by 2
pir into e, this is your mu. And multiplied by area is pi r square, pi r square and you can see

that pi pi cancels out, r square cancels out. And so mu is equal to c into e into r by 2.

Now multiply and divide by m, multiply and divide by m. And now you can look at this is e
by 2 m into mcr, so mass into velocity into r and this is equal to angular momentum, this is
equal to angular momentum and that is what is written here. And e by 2m is known as
gyromagnetic ratio. So magnetic moment is simply given by gyromagnetic ratio multiplied

by angular momentum.
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Gyromagnetic ratio

The gyromagnetic ratio g determines the ratio of
the nuclear magnetic moment to the nuclear spin.
+It is a fundamental property of each nuclear

isotope
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Gyromagnetic ratio determines the ratio of nuclear magnetic moment to the nuclear spin, it is
a fundamental property of each nuclear isotope and the sign of gyromagnetic ratio tells you
about the, tells you about the direction of magnetic moment. So, if gyromagnetic ratio is
greater than 0, then magnetic moment and spin angular momentum has same direction,
whereas if gamma is less than 0 it means magnetic moment and spin angular momentum is

going to be in opposite direction.
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This is the magnetic property of selected nuclei, these nucleus are given and their I value is
also given and this is your gyromagnetic ratio. Now you can also look at the abundance this is
important if you want to look at the signal to noise ratio, if you want to look at the signal to

noise ratio. One of the thing which you will notice is proton has gyromagnetic ratio 26.75 and

if you look at 13 carbon it is 6.73.

So as you know that the okay, so let us I will talk about this in the next slide because still 1

have not talked about magnetic field. Now, we have already discussed spin, now think about

what is the effect of external magnetic field.
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Effect of External Field

Zero External Magnetic Field

( 9 Paint in random directions.




When there is a zero external magnetic field spin points in random direction, so what happens
is that your combined spin or combined magnetization is your zero or resultant magnetisation

is zero.
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Effect of External Field
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When you apply strong external magnetic field what it does is that some line up and some
line down in the direction of a strong magnetic field. Majority of them line up and does there
1s a net magnetization in the direction of magnetic field, net magnetization in the direction of

magnetic field.

However, since the gap between two energy levels in NMR states are very small and so out of
1 million this much goes up and this much goes down and there is very small difference in
the population between excited state and your ground state and that is why NMR is a low
sensitive technique, this is one of the problem with NMR. NMR high resolution technique but

the intensity you get is very small, so sensitivity is small.
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Effect of an External Magnetic Field

+ No magnetic field
(2I+1) spin states are degenerate (i.e. they all have the
same energy).
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With magnetic field
Spin states separate in energy (larger values of m have
lower energy)

The separation of energy levels in a magnetic field is called
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So, in a nutshell if there is no magnetic field that 21 plus 1 spin states are degenerate 21 plus 1
spin states are degenerate, what does that mean? They are going to have same energy. When
only you apply magnetic field, then degeneracy of spin states are removed and now they

differ in energy.

Separation of energy levels in a magnetic field is called nuclear Zeeman Effect. The energy of
a spin state is given by this equation E equal to minus mu dot B and we have already
discussed mu is equal to gamma into I or J, sometime some books refer it as J, some book

refers it as [ which is angular momentum, angular momentum.
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So let us see this is the equation which I am talking about, this gamma into J and J is your

angular momentum, J is your angular momentum.
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Now, once you know that now you can write a Hamiltonian. So, Hamiltonian in the Z
direction is equal to minus gamma into B naught into I J. So Hamiltonian operator is equal to

minus gamma B naught into I J operator.
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Energy is equal to minus mu into B where mu is equal to gamma into I, so E is equal to
minus mu minus gamma into I into B, gamma I into B. So E J is equal to E Z direction is

minus gamma into I J into B.
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And if you remember quantum the energy is obtained by applying Hamiltonian operator. So,
in this case Hamiltonian operator is equal to minus gamma B naught I J. So, Hamiltonian is
also equal to minus omega naught I J, where gamma B naught is omega naught, so now it is
in radian per second, radian per second unit. And it also can be expressed in hertz unit as

minus nu naught [ J operator.

If I apply 1J, I Z operator into a wave function what I will get is mh cross psi m, mh cross psi
m. So this is the way you can express energy of mth spin level, mth spin level, energy of mth
spin level is minus mh cross gamma B naught, mh cross gamma B naught and this is in
energy unit, but in radian per second unit it is m omega naught and in hertz unit is m nu

naught.
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Magnetic Quantum Numbers

+ lis quantized producing (21 + 1) discrete values of angular momentum, m,
o m=l1-], ..

A ~—
1=

- =17 1= 1=12
(q) ',/'\v'u'

I is quantized and that gives you 2I plus 1 discrete value of angular momentum and angular

momentum is between I to minus I. So, if I is equal to half, then there will be two values of m

1 which is half and minus half, if I is equal to 1 then you have three values 1, 0, minus 1 and if

I is equal to 3 by 2 then you have m value, m is equal to 3 by 2 so these all are different value

of m. So now, if | want to go from this to this the delta e can be calculated because we know

energy of mth level, we know energy of mth level, so it can be calculated.
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So energy is this mh cross gamma B naught that is what we looked at, if we take nuclei with

half spin, for example, 1h it has two energy levels and we denotes sometime by alpha and

beta and their energies are given by E alpha is half h cross gamma B naught, so m is equal to



half, and for beta m is equal to minus half so E beta will be given by minus half h cross

gamma B naught.

For nuclei with positive gyromagnetic ratio, E beta is lower in energy, E beta is lower in
energy and so what does that mean is that if you take proton and this is E beta and this is E
alpha, E alpha and delta E will be equal to, delta E will be equal to simply your half h cross
gamma B naught this is E alpha minus minus h cross gamma B naught. So E alpha minus E
beta, so this is basically E alpha minus E beta is equal to this and this is equal to h cross

gamma B naught, h cross gamma B naught.

(Refer Slide Time: 21:54)

Bulk Magnetization

Apply field 3 . walt

 — . —

No field With field not at equilibrium Wit field at equiliorium
g i .

A

O,

So what is happening is that if there is no field the magnets are, spin magnets are in random
direction, but when you apply a field in Z direction then after sometime bulk magnetization
will be in Z direction. Since these spins are in random state before application of magnetic
field so bulk magnetisation is 0, but when you apply magnetic field in Z direction then you

will get a bulk magnetization in Z direction, this is net effect of external magnetic field.
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Larmor precession

Magnetic field

Tip away magnetization from the Z-axis

Now next step in NMR is somehow we tell the bulk magnetization from Z axis. So, if you tip
away magnetization from Z axis what will happen? It will start rotating it will start

precession, so it will start precessing.
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Nuclear spins
precess in a magnetic field

* Nuclear spins precess because:
1. they are magnetic
2. they have angular momentum

* Precession frequency = Larmor
frequency

+ Negative y = positive sense of
precession

* Positive y = negative sense of
precession

#

So nuclear spin precess in magnetic field since they are magnetic and they have angular
momentum. Precession frequency is equal to Larmor frequency and if the gamma value of or
gyromagnetic value of the nuclei is negative it means it has positive sense of precision, if the

value is positive then it has negative sense of precession.
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So when you tip the magnetic field away from Z axis, the nuclear magnetic moment will
precess about the axis of externally applied field at the frequency equal to the strength of the
applied magnetic field. So omega will be gamma B naught in radian per second and nu will

be gamma B naught by 2 pi and this is known as Larmor frequency.

The direction of motion can be clockwise or anticlockwise and it is determined by value of
gamma. Generally the field is applied along Z axis of Cartesian co-ordinate frame, Cartesian
co-ordinate frame. So you can see that now it is rotating this way, it can also rotate in this

way.

(Refer Slide Time: 24:51)

Larmor Precession
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So let us discuss about Larmor precession now. If the magnetic field strength is B naught,
then the frequency of Larmor precession is omega naught, so omega naught is given by
minus gamma B naught and if we want in hertz it will be minus 1 by 2 pi gamma B naught

this I have already discussed.
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Now this NMR nuclei frequency will be different in different external magnetic field. NMR
nuclei frequency will depend on two different things, one is magnetic field and another is
type of nuclei. Now let us see some of the values. If suppose magnetic field is 9.36 tesla, then
proton frequency will be 400 megahertz or 13 C frequency will be 100.8 megahertz in 9.36

tesla magnetic field. It is almost 1 by 4 time of proton frequency.

And 15 N frequency in 9.36 tesla is 40.8 megahertz, 40.8 megahertz so whenever you have
heard about that you are working on 400 megahertz, it is basically your frequency with
respect to proton nuclei, it is not 400 megahertz with respect to 13 C frequency or with
respect to 15 N nuclei, with respect to 15 N nuclei. So on 400 megahertz machine your 13 C
frequency will be 100.8 megahertz, whereas 15 N frequency will be 40.8 megahertz. This is

on a machine which has magnetic field 9.36 tesla.

If you change the magnetic field to 11.7 tesla then the frequency is 500 megahertz on for
proton nuclei and 126 megahertz for 13 C nuclei and 51 megahertz for 15 N nuclei. On 14.04
tesla machine spectrometer you have proton frequency around 600 megahertz, 13 C

frequency around 151.2 megahertz and 15 N frequency around 61.2 megahertz.



(Refer Slide Time: 27:45)

Apply RF Field

Excitation of transitions between energy levels (or tipping
of magnetization away from z-axis) is stimulated using

Q
. F) radio-frequency electromagnetic radiation.

Now question is how to tilt your magnetic field, how to tilt magnetization, bulk
magnetization away from the Z axis. That is done by applying a RF field along x or y
direction. So unless you apply RF field the magnetization is going to be, is not going to be
tilted and then there cannot be a transition. So excitation of transition between energy levels
or in other way you can say that tipping of magnetization away from Z axis is stimulated

using radio frequency electromagnetic radiation.
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Two counter-rotating field is equivalent to field oscillating
along the x-axis (RF field)
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Now, how does RF field does it, it is a bit difficult to understand, but you can think of RF
field as a two counter-rotating field, what is RF field? RF field is like this, it starts from some



point and then it is like a wave, so it is like a wave, it is maximum it is going to 0 and then it

is going to maximum in negative direction, this is the way RF field works.

Now, if we want to look at the effect of RF field we need to take the RF field as two counter
rotating field. Now, can we represent it by a two counter-rotating field? Answer is yes, now
you think about there is two fields here at this point, if the two fields are in this direction X
direction, positive X direction they will combine and give you maximum magnitude along X

direction and that corresponds to this point.

Now, they started counter rotating, one is shown by B 1 plus, another is shown by B 1 minus,
so what does that mean? That one field is rotating in minus direction, one field is rotating in
plus direction, minus tells you about clockwise direction, plus talks about anti clockwise
direction. If they are in this position then your, then your resulting along X axis will be

smaller than this and that is what you get at this position, at this position.

Now it is going like this, this is going with this and so suppose if it is B 1 plus is at this
position, B 1 minus is at this position then what will happen? The resultant along x direction
is 0 and that corresponds to this point. Now, it moved further this way, it goes in this
direction, when it is here then you have resultant along minus X axis and that is what is

shown here.

And if it again rotates and comes to minus x direction both are coming to minus x direction
and the resultant will be maximum but in minus x direction and that corresponds to this. So,
what does that mean is a RF field can be thought of equivalent to two-counter rotating field,

equivalent to two-counter rotating field.



(Refer Slide Time: 32:07)

®

So, only the field which is rotating in the same sense need to be considered, only the field
which is rotating in the same sense need to be considered, so out of two field we have to look
at the field which is the rotating in the same sense in which your magnetization is bulk
magnetization is rotating. So, you can choose one of the field depending on the, depending on

the sense of direction in which your sense of direction in which magnetization will move.

Why we are doing that? It is because only that field is going to affect your magnetization.
Now your this thing is rotating, your magnetization is rotating and your field is also rotating
and so it is a bit difficult to look at the affect. And so what we do is that we make rotating
field static by moving to appropriate rotating frame. If you have studied in your Bachler class
about physics, you must have known the concept of rotating frame. Now, what we are going

to do is from laboratory frame we are going to move to rotating frame.
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So let us see here, this is the way your field is moving in the laboratory frame B 1 minus is

here, now it is going this way, it ends up here, then this and this position. So, one whole circle

is completed. Now think of that if your field is moving like that, so your laboratory frame is

here and here is your rotating frame also. If it comes at this position, I rotate my frame such

that, I rotate my frame such that it is now at this position, so now you see it is still along X

axis, so your frame is also rotating the way your magnetization is your field is rotating.

If they are here, it is here at this position, then your rotating frame is here, here then rotating

frame is here. So, as field moves in the same direction you are moving your rotating frame,

rotating frame and you are in the rotating frame and then your the magnetic field, the rotating

magnetic field looks like a static magnetic field, looks like a. So in this rotating set of axis or

rotating frame B 1 minus appears to be static.
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So what will be the Larmor frequency in the rotating frame? It will be equal to omega naught
minus omega rotating frame, alright, omega naught is the Larmor frequency in laboratory
frame and now you are trying to look at Larmor frequency in rotating frame and so the
chemical shift or the Larmor frequency in the rotating frame will be equal to omega naught

minus omega rotating frame.

So, omega we know that omega is minus gamma B naught, so this Larmor frequency will be
equal to minus gamma into delta B, so gamma into delta B, so delta B is corresponding to this
difference. And hence, delta B will be minus Larmor frequency in rotating frame divided by
gamma, Larmor frequency in rotating frame divided by gamma. This apparent magnetic field

in rotating frame is usually called reduced field delta B.

So, one of the effect of considering rotating frame is that the effective magnetic field along z
direction in longer equal to B, it is now equal to delta B, delta B and that is your apparent
magnetic field in the rotating frame. So, one thing you did is you rotated your frame so that
magnetic field, radiofrequency field looks static that is good enough but that has effect on the
effective magnetic field, that has effect on the magnetic field as such. And the reduced

magnetic field is now given a symbol delta B.
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So what we are looking at is what is the effect of RF field on the magnetization in presence of
magnetic external magnetic field in the rotating frame in the rotating frame, so we know that
your this chemical shift is equal to omega naught minus omega in rotating frame, rotating
frame. So, what we do is ,we take omega rotating frame is equal to minus omega of RF field
under such condition your chemical shift is equal to omega naught minus minus omega RF

and what does that mean is chemical shift is sum of omega naught and omega RF.

So now w effective will be given by gamma into B effective, w effective will be given by
gamma into B effective and B effective is basically square root of B 1 square plus delta B
square. So, let us understand here B 1 is your RF field and delta B is your, delta B is your the
external magnetic field in rotating frame. So effective B will be given by B effective and as
you can see that B effective can be given by square root of B 1 square plus delta B square, so

omega effective is equal to square root of omega 1 square plus chemical shift square.

This angle theta can also be related to delta B and B effective, so cos theta will be equal to
delta B divided by B effective, whereas sin theta will be equal to B 1 by B effective, tan theta
is equal to B 1 by delta B, B 1 by delta B.
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Now you must have heard about on resonance pulse, if you go and look at any manuscripts
related to NMR, you will listen about this, you will come across on resonance pulse, what is
on resonance pulse? On resonance pulse, a pulse is called on resonance pulse, if the
transmitter frequency is exactly the same as Larmor frequency, exactly the same as Larmor

frequency.

And transmitter frequency is basically equal to transmitter frequency tF is basically equal to
frequency of rotating frame, rotating frame it means RF is equal to minus tF and we know
that this is equal to omega minus omega if you look at the formula, this is omega naught

minus omega naught plus omega RF and omega naught minus omega tF and if this is equal



then this will be 0, this will be 0. And so delta B is equal to 0 and B effective is simply B 1, B
effective is simply B 1.

So delta B is 0 means B effective is B 1 square, square root of B 1 square and that means it is
equal to B 1, delta B is 0, then effective field will be equal to B 1. So pulse is exactly on
resonance in that case pulse is exactly on resonance. And tilt angle will be 90 degree and you
can see from here, if B effective is here then theta is equal to 90 degree, so tilt angle is 90

degree.
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Effect of On-line pulse

Now let us look at the effect of on-line pulse, effect of on-line pulse. So this is given by this
effect of on-line pulse is shown by a right hand rule, shown by a right hand rule. So think
about this is your magnetization Z axis you have a magnetization and this is along the axis in
which you have applied your magnetic field, then your magnetization will comes towards
you, this magnetization will go from Z direction to this direction and that is what is shown

here.

So, if you apply B 1 field along this, magnetization is going from Z axis to minus Y axis if
you apply 90 degree pulse, this is for 90 degree pulse, this is for 90 degree pulse. And if you
apply 180 degree pulse it will go from this point to this point, this point to this point. So this
is your effect of on-line pulse when you understand this it is very easy to understand your the

effect of pulses on the magnetization.
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So, one-pulse sequence if you talk about a simple NMR spectra and that is basically one

pulse sequence, what you do at proton nuclei you are applying 90 degree pulse, 90 degree
pulse and so this seem as this and then you remove the pulse it will again go back to its
position and it is shown here and I will discuss now how you get this kind of curve, this is

known as FID which you are going to detect in a normal NMR in a typical NMR experiment.
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So this is very important, this rule is very important or this scheme is very important to
understand the effect of a pulse on effect of pulse on magnetization or effect of RF pulse on
magnetization. So think about if I apply so right hand rule so please remember right hand
rule, if I apply magnetic field along y direction, so this is your y direction suppose then this is
positive x direction and this is IZ magnetization is towards this and I apply then it goes to

your IX and this side is IX.
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1. Radio frequency pulse.

dil .
Ip——lgcosd + Lsing

a, B, and y represent permutations of the x, y, and z axes, and ¢ is the
pulse flip angle (see also Scheme I1).

So, what you can write is I beta if I apply a pulse phi in alpha direction and what I will get is I
beta cos phi because it is going from I beta and plus I gamma sin phi. So, what we did is, just

take like this, this is your beta magnetization and you are applying alpha pulse and this is



your gamma. So, if I apply phi pulse, so means it will come from here move to this position,

and this angle is phi.

And so its component along this axis, beta axis is going to be I beta cos phi and its
component along this direction is going to be I gamma sin phi. Now this is, if you understand

this, it is not very difficult to understand the effect of pulses on the magnetization.
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So, let us talk about one-pulse sequence, this is magnetization along Z axis, I applied 90
degree along X axis, if I apply 90 degree then what will happen? 90 degree pulse along X
axis, then what will happen is, this is right hand rule, so it is here, so it will go to this
direction, so let us apply this is minus X axis suppose. If it is X axis then it will go like this,
anyway it goes to y direction minus y or y. So it is basically tipped into x-y plane since 90

degree rotation is there, it can it will go towards this side basically.

And then what will happen? It will come back to this point and so if you are looking
magnetization along y direction it will decrease, this is the spectrum which you have obtained
in, obtained in time domain and this is known as FID. And if you do Fourier transformation

then you can get this kind of peak, which tells you about what is the frequency of that nuclei.
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Now, let us see the effect of pulses. So, what happens if I apply pulse and live it for some
time? So, what does pulse do? Pulse tilts the magnetization away from Z axis and if you
remove pulse then what will happen? It will start doing precession, start doing precession and
that is what it is shown here, it is doing precession with time. So in tau 1 time it goes to this

position, in tau 2 time it goes to this, so it is precessing, it is precessing.
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Now, let us think about, so what is happening? So it went to suppose here is the
magnetization, you applied pulse, it goes to y direction and then this will start precessing
slowly, slowly it will come back to z direction. This is the schematic of effect of, effect of

chemical shift on the magnetization. Now, you see your chemical shift, so suppose you have a



magnetization here and you applied a magnetic field in this direction, your magnetization will

come from Z axis to X axis, Z axis to X axis.

And suppose if | have applied beta degree pulse then magnetization will be equal to M 0 sin
beta, M 0 sin beta. So this is your M 0 is here and if I applied pulse from this side, this angle
is beta, so then this will be equal to M 0 sin beta and this will be equal to M 0 cos beta. So, M
0 sin beta is here on the X axis and now you remove the pulse and it start precessing and now

we are going to see the effect of precessing.

So at time t it moved to this position with the frequency omega naught and if this angle is
omega naught t then the component of the magnetization along the X axis will be M 0 sin
beta cos omega naught t, so this angle is omega naught t, and this side you have a cos omega
naught t, and since we have M 0 sin beta here, so the total signal will be equal to total

magnetization will be equal to M 0 sin beta cos omega naught t.

Magnetization in Y direction will be similarly given by minus M 0 sin beta sin omega naught
t, sin omega naught t. And since it makes your 90 minus beta, 90 minus omega naught t angle
with the negative Y axis and so you will get this magnetization along Y axis. Here is a plot
where M x is plotted against time and as you see that this is, this magnetization along X axis
depends on cos omega naught t and so it will vary like a cosine function and that is what you

see here.

Whereas, M y is magnetization along Y axis is function of sin omega naught t and if [ M y
with time then it will be seen as a sin function, it will be seen as a sin function. What happen?
That you applied the magnetic field, it came into x-y plane and now it is rotating, it is
precessing, it is precessing and going towards your. So this is effect of only rotation and that
is what is known as chemical shift evolution, this rotation after the pulse, after your pulse is

known as chemical shift evolution.
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Now the chemical shift has the effect of an RF pulse along the Z axis, RF pulse along the Z
axis. So, if you do not want to look at this picture, what you can do is, you can try to
understand the effect of chemical shift by assuming that RF field by thinking that RF field is
along the Z axis, RF field is along the Z axis. So, if I apply, so you see this I x, so

magnetization is in the x direction, so x direction is suppose if you are taking like this.

So this is z direction and this is your, these are the three directions, so this is I y, this is I x and
this is I z. Now, if you take I x, so this is I x magnetization if I apply z and then what will
happen? It will move towards I y only. So movement if this is the magnetization, here is the
magnetization, I apply chemical shift, it will move towards this direction, this direction. And
so it is going from I x to I y and that is why I x has the cos component, I y has the sin

component.

If you apply on I y direction, so you see this is I y direction and this is your field so it will
move towards minus I x, so [ y will move effect of I chemical shift is move I y towards minus
I x magnetization from Y axis to minus X axis. And so this has cos component, this has minus

this has sin component. So this is the effect of chemical shift.
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So first thing is this is the effect of chemical shift. M x is given by M 0 cos this chemical shift
multiplied by t, M y is M 0 sin chemical shift multiplied by t. Here I have taken M 0 is
basically M 0 sin beta, but now I am taking the M 0 sin beta is suppose M 0 dash, M 0 dash.
So M x is M 0 dash cos this frequency, this chemical shift multiplied by t, M y is M 0 dash
into sin chemical shift multiplied by t. So signal will be sum of signal in x direction plus i
multiplied by signal in y direction with time. So this is S naught cos your chemical shift
multiplied by t plus i S naught sin chemical shift multiplied by (())(56:05), so this is your

total signal, this is your total signal.
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Now signal will also decay with time, signal will also decay with time. And what will happen
that with time it is going, it is going to decrease. So, why it is decreasing? Because it is, it
will like, it will come back to finally z direction and so signal along x direction or y direction
is going to be 0 after some time. And the rate of decay of this signal is given by R2, R2. So S
t is equal to S naught exponential minus exponential i your chemical shift multiplied by t
exponential minus R 2 into t and if you plot this S t versus t, what you will get is this kind of

curve. And thus it is typical your FID, typical FID, this is your typical FID.
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So you have obtained the signal in time domain, now you need to convert into, you need to
convert into frequency domain to get the more accurate information and I have already
discussed about what you do for this, you do Fourier transformation which transforms the
time domain data to frequency domain data. So, I think now time is over, so I will stop here

and I will discuss the other things about NMR in the next lecture, thank you very much.



