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Module -5
Chemical Shifts
Lecture - 05

Welcome back, in the last class, we discussed about chemical shift, how does it arise, and we
saw taking specific examples how the charge density distributions at the site of different
functional groups in a chosen molecule give rise to different types of peaks in the NMR
spectrum, in the proton NMR spectrum. And this is what is making NMR very, very
interesting. We also understood why this chemical shift comes, what is the reason for it? And

what is the shielding constant?

What happens to different functional groups? Take an example of CH, CH2 and CH3, how
the shielding is getting affected and what happens if there are different functional groups, like
OH, OCH3, CH3; if they are present how it is going to be affected. So, how we are going to
get different types of NMR spectra and the different chemical shifts for different functional

groups.

And we also understood the symmetry which we call as magnetically equivalent nuclei,
which are interchangeable by symmetry operations. I showed taking specific example of the
substituted ethylene, the symmetry makes 2 nuclei chemical equivalent. As a consequence,
give raise to a single peak at the same chemical shift. So, in essence, what I said is symmetry

drastically simplifies the NMR spectrum.

And we also understood about the screening constant, and the reference that we are going to
use to measure the resonanating frequency. For example, we discuss and showed that tetra
methyl silane, TMS, can be used as a reference for proton, carbon-13 and silicon NMR;
because of its special property, where all the protons are highly shielded, all methyl protons

are equivalent; and it is volatile and nonreactive.



As a consequence, we can use that not only for proton, carbon-13, silicon NMR. And
different nuclei have different references, and which is all well known and we can choose
whatever we want for a particular nucleus of our interest. Now, I am going to tell you, how
do we measure this chemical shift? Today that is what we are going to discuss.
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Look at it for example, if I consider the chemical shift of proton is 150 Hertz with respect to
TMS; what is 150 Hertz? Somehow we calculated and showed you know, in 400 megahertz
400 hertz is the shift in the resonating frequency, we called it chemical shift. Let us say this
shift to be 150 Hertz with respect to TMS, TMS I take it as a standard, reference. Now, we
use this formula for calculating chemical shift, the frequency of the signal minus the
frequency of the reference; you take reference is TMS, divided by the spectrometer
frequency, which is always in MHz and multiplied by 10 power of 6. Then what you are
going to get is the numerator, which is the differential value and its spectrometer frequency is
in megahertz.
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And ifyeu do tas simple methematics, you will see that for example, 600 megzherz i a 300
‘et us say it is not 3 it s 600 megahertz | am sorry 500 megahertz, we are going to see this one
etus say 600 nto 10 to the power of 6. And seme thir i Tak= 600 into 10 fo the power of§
/300 we zall it as 2 pprn.
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And if you do the simple mathematics, you will see that for example, 600 megahertz we are
going to see this one; let us say 600 into 10 to the power of 6. And same thing if I take 600
into 10 to the power of 6 / 300; we call it as 2 ppm.
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Now, chemical shift when expressed in ppm is a dimensionless quantity, it removes field
dependency and requires a reference frequency and the reference frequency is always set to 0.
Very important point to remember, chemical shift when expressed in ppm is a dimensionless
quantity and removes field dependency. We discussed this thing in the last course in depth.
So, I do not want to go into the details. Please remember, these are the important points.
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Now, chemical shift when zxpressed in ppm is a dimensionless cuantity, it removes field 4
dependency and sequices aseference fraquency and Rec and the seference frequency i elways Chemical Shift Range of "H Spectrum

et 10 0, Very impertart point to remerber, cherical siift waen expressed in ppm is 2 ‘

dimensioaless quectity and removes feld dependency. We discussed this thing i the last —

coutse in dzpth. So, but [ do not want to g0 to the details please remember these arz the A—
smportant poits.
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Now, chemical shift range of proton is generally 0 to 10 ppm; 0 is for the reference tetra
methyl silane; and within 10 ppm you are going to get all the peaks, ppm is parts per million.
So, in 1 in 10 parts per million; 0 to 10 parts per million if you consider most of the peaks of
in NMR for the proton for any given molecule will be seen. Not that you do not see it beyond
10 ppm, there are examples we can go up to 10, 15 ppm, 20 ppm or even beyond also,
special examples. But by and large for majority of the samples you get the peaks only
between 0 to 10 ppm, taking TMS as a reference at 0.
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Sequencies in frequency ppm is pars per million, what do you mean by ppm: and frecuency?
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comes at 400 mesahertz,that is 400 Find sometaing sample siznal comes at 400 into 400 plus
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Sour megahertz plus 400 hertz herz. So, the differsnce is 400 Eeriz. Now, thet's what we gotia
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resonatiag frequency.
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And now, I discussed about ppm and frequency. I discuss about ppm? Resonating frequency
is in frequency, ppm is parts per million; what do you mean by ppm and frequency? How do
you do the conversion?
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Lt s see like this a1 400 megabertz, the reference signal somes at 400 megaiertz, thatis 40
point something, sample sizaal comes 2t 400 into 400 plus 4 megahertz + 400 herz here so,
the difference is 400 Excrz. Now, thet is what we gor i theprevious equations wich [ showed
youthe difference betreea resonance frequency of the sienal aad from the reference youfake

The sample signal comes at 404,000
<.
The difference in frequency is 400 Hz

The Chemical Shift in ppm is

it Givided by the spzetrometer Geqazacy and sultiply by 1010 the power of 6 T said thea we
ate 3oing fo get cne orz 10 to the power of 6. And then this s called 1 part per millioa

remenmber | part per millon this is why, chemical shif i always cxpressed in ppm because of

this equation.

Atthe 800 megahertz spectrometer feference signel comes at §00 megahertz. Ard similarly, if

your peak comes atth eight and has difference, then you caleulate 808 megarertz it is on=

over | millon, which is one pacts per milion, S0, chemicel shift K is ven thovgh it s a small
value should be Zew bertz, which is enpressed as parts per milion with sesoact o zesonatiag

Sequency.
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Let us see like this; at 400 megahertz, the reference signal comes at 400 megahertz, that is
400 point something. Sample signal comes at 4 megahertz + 400 hertz. so, the difference is
400 Hertz. Now, that is what we got in the previous equations which I showed you; the
difference between resonance frequency of the signal and from the reference you take, which
is divided by the spectrometer frequency and multiply by 10 to the power of 6. I said then we
are going to get one more 10 to the power of 6. And then this is called 1 part per million.
remember 1 part per million; this is why, chemical shift is always expressed in ppm, because
of this equation.
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At 600 megahertz spectrometer reference siznal comes 2t 800 megahertz. And similedy, if

t 800 MHz Spectpbmeter, Reference signal cumus@

=800,000,000 Hz

your peak comes at the 800 hertz difereace, then you calculte $08 megekerz which is one
over | millon, whick s 1 2arts per sillion. So, ceawical shif i even thovgh it s a sl valus
should be few hertz, which s expressed as parts per million with respect to resonaing

The sample signal comes at 800,000,800 Hz

reuency.

S0, when we express chemical shift as in ppm with respect to ths magnetic field is elways
remains invariant, it means, I take the NMR spectrum measure th2 (hamizafion to this
particular peak, let us say which comes at four ppm in a foreign Omega spectrometer go aad
record it in any spectrometer any frequency in any magneric field. When you express in ppr,
it remains always at four ppm. So, whea chensical sheets when expressly pp is invariant with
respezt o the magnetic field, whatever the spectrometry retake, i retnairs same for exemple, T
have two peaks coming at one pecple want fo pay over 400 megahertz, a: 800 megahertz, it
comes at ane and wo PPM same g ‘o tew oae 1.2 gigahertz it is same valve will cot change
1 ppm. but in frequency they are differzat okay. So, we can come fo conver: PPN o frequency

hip. For example,

400 megahert, tha s therasona

Sequency o groton a cne PPM meas 400 etz see, e theresonant frequency in wegahertz

The difference in frequency @

The Chemical Shift is

800 /800,000,000 = 1/1,000,000
o e e

or'l PPM

This is again 1 parts per million
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At 800 megahertz spectrometer reference signal comes at 800 megahertz. And similarly, if
your peak comes at the 800 hertz difference, then you calculate 800 divided by 800

megahertz which is one over 1 million, which is 1 parts per million. So, chemical shift, even



though it is a small value, should be few hertz, which is expressed as parts per million with
respect to resonating frequency.
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S0, when we express chemical shif as in ppm with respect to ths magnetic feld is ehways 12
it means, I take the NMR e the chemical shift of a pariicular

‘peak, let us say which comes at ¢ ppm: in a 400 megahertz spectrometer go and record it in any

spectremeter of any Beceency i aay saagactc £eld, When you expess in ppm, it remains Chemical Shifts whepA emains

abvays at pom. So, e cheical s when cxpressd ppm i ivaiat ith espect 0 the invariant irrespective-s£-themagnetic field

magncic feld, whatever the spectrometry you take, i remains same for cxample, I have 2 strenstls
peaks coming at 1 pym and 2 pp at 400 megahertz, at 800 magahertz, it comes at | znd 2
ppm semme ge ‘o 13 gigebers it s same value will nct change in ppm, but in frequency they
are differzar okay. So, we can cerae to convrt PPM fo freguency in 2 simple relationship. For
example, proven s esoating at 400 megahertz, tat i the resonect fequency of rcton inonz
22M means 400 hetz see, tehe the sesonent frequency in megahertz remove the malles

componza: and you only expressed in herz. So, one ppm is 400 Hetz ia 400 megahertz

Similarly, same ore, cne ppm of our proton i2 600 megahertz is 600 hertz. So, §00 wegahertz

s teaaut's very sisple just removc the megatertz corponeat and then you say this s the

PageSof 13 S%3words [X Englsh (pustralia) ] B - i + 108

B P e o "BUtGEEEO LI Ly

So, when we express chemical shift in ppm with respect to the magnetic field, is always
remains invariant. It means, I take the NMR spectrum, measure the chemical shift of a
particular peak, let us say which comes at 4 ppm in a 400 megahertz spectrometer. Go and
record it in any spectrometer of any frequency, in any magnetic field. When you express in

ppm, it remains always at 4 ppm.

So, the chemical shift when expressed ppm is invariant with respect to the magnetic field,
whatever be the spectrometer you take, it remains same. For example, I have 2 peaks coming
at 1 ppm and 2 ppm at 400 megahertz. At 800 megahertz, it comes at 1 and 2 ppm, same. Go
to 1.2 gigahertz it is same value, will not change in ppm, but in frequency they are different.
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ert, see, take the resonating frequency in megelenz semove the megaherz compeneat aad

you caly expressed in hertz 5o, | ppm is 400 Hertz in 400 megahertz. Similarly, same 1 ppry f- :)
of our proton in 600 magahertz is 600 kertz. Sc, 800 megahertz is 800 Aertz very simple just o
remove the megehertz componz: and then you say this s the ppm valve. So, that means, i ppm and frequency relationship

have to talk mote about it, let us say more than 1 oo, 2 ppm or 4 ppm I simply have o
aliply by that mumber tkat i all. Now, Izt us se= carbon 13 it has 4 times lower gamma,
that's what we have been telling in the firs class second class iself 1t us say casben 13
resonates a1 100 megahertz in a forsign mega spectrometer because gawma s feur fimes

smaller to & rescnant frequecy o if it s 400 fer prcton is 100 for carbon 13. So, cerboa

1 ppm ls}h
dated one pp is 100 herz, becasse 100 megahertz but remember it is for carbar for proton

s still 400 hertz for one people witk foreigners for proton o carben i 100. Similary, in 63) For 'H resonating B@MHZ : 1 ppuis 800 Hz

‘megaltz, 932 ppm for proren i 600, but for earboa it s 14 smaller 150 Situilarly, vou caa
calealate for aay ruclear if we'reif I take nitrogen 15 1t s 10 times lower gamma. So, it will

be resonant fraquency for hydrogen if it s 10 times smalle than ke PPM wel will be 10

hertz one ppm. So, very casily you can do the conversion for P PPV o frequency
‘atesconversioa you bavz to lke this, i€ you wax: to coavert PM to frequency mukiplayer
the relaive frecuency of the nucleus fsgeigs s poiat mubiply by the reltive frequency
of the mucleus cre PPM at 400 mepgahetz is one o four and shet s the frequency five PPN

at400 megebertz i 500 to 400 s the froquzncy. So, frequency wo PPM conversicn what you
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So, we can convert ppm to frequency using a simple relationship. For example, proton is
resonating at 400 megahertz; that is the resonant frequency of proton. 1 ppm means 400
hertz. See, take the resonating frequency in megahertz. remove the megahertz component and
you only expressed in Hertz; so, 1 ppm is 400 Hertz in 400 megahertz. Similarly, 1 ppm for
protons in 600 megahertz is 600 hertz. In 800 megahertz it is 800 hertz. Very simple, just

remove the megahertz component and then you say this is the ppm value.

So, that means, if I have to talk more about it, let us say, more than 1 ppm, 2 ppm or 4 ppm; I
simply have to multiply by that number that is all.
(Refer Slide Time: 08:11)
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Hence its resonating frequencyis four times less than
10 times smaller than the ppra valuz will be 10 hertz 1 ppm. So, very zasily you can do the tht of proton
conversicr. for B PEM to frequency interconversion vou kave <o like this, if you want to 5C resqnat ( Loomi A
. sgnates a " 1y
convert BPM o frequency multiplaye the reletive frequency of the mucleus smemg this e /- (A ) p - W,
point multply by the relfive fecuency of the mucleus one PEM at 400 megekerz s one irto \Q W (In: ' : 10

Sour ang thet is tae fequency five PEM at 400 megekerz is 500 to 400 i the frequeacy. So,
Sequency two PPM conversion waat yo3 will do tken ceverse just simply divide by that as
you teady fiequency thats al ckay. Sc. let us feke an example and 2 500 Mega specirometer,

(I m/ instrument)

prctoa resonant frequency 600 megaherz, carbon is 150 mezahertz and nitrogen 5050

13C resonates at 200 MHz : 1 ppm is 200 Hz
(In a 800 MHz instrument)__———

‘megahertz please temember tkis gix. Now, Jet us sec 2 600 Mega NMR spectrometer to

people for proton simply muliply o into 680,200 ertz, five pprm i proton is five and 63

2 2 600 Mega spectrometer 3000 etz simelate 1) ppm is 600 megahertz is 600C Hertz
Now, the seme tis thine tae 600 meeahertz, wo will sce will we knowr the fequency let us
sy [ wact o find outthe PEM et s say 600 megabertz ] ccasue the rsonaat frequeacy of
a peak, i is 100 herz, if T asked you whatis the PPM, waat you will do thats whar I
showed you,but it divided wih the resonating frequercy now, that means, divide 1800 by six

v
T + 10
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Now, let us see carbon 13 it has 4 times lower gamma, that is what we have been telling in

the first class second class itself. Let us say carbon-13 resonates at 100 megahertz in a 400



megahertz spectrometer, because gamma is 4 times smaller; the resonating frequency is 400
MHz for proton, and is 100 MHz for carbon 13. So, for carbon 13, 1 ppm is 100 Hertz,
because 100 megahertz. But remember it is for carbon, for proton is still 400 hertz; for 1 ppm

400 hertz for proton and for carbon it is 100 Hz.

Similarly, in 600 megahertz, 1 ppm for proton is 600, but for carbon it is 4 times smaller; 150.
Similarly, you can calculate for any nuclei. If I take nitrogen-15; it is 10 times lower gamma.
So, the resonating frequency for nitrogen if it is 10 times smaller, it is 1 ppm.

(Refer Slide Time: 09:10)
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10 times smaller than the ppm vatue will be 10 hertz 1 ppm. 7
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So, very zasily you cex: do the comiersion for gy to frequency intercerversion you have fo

ke this, if you wert to convert ppmfo feguency multply by theresonatag frequency of the
‘mucleus remember this point multiply by the r2sonzting frequency of the nucleus 1 ppm 2t
400 megahertz i 1 into 400 that i the frequency § ppm at 400 megahertzis 10 400 is the Frequency
Segquency. So, frequency 2 ppm contersion what you will o then reverse just simply divide )
by thatresonating fecuency tat is all okay

—

Divide by resonating
frequency of the nucleus

8o, let us take &n example end a 600 Mega spectromater, proton rescnant frequency 600
megahertz, carbon s 150 mezahertz ard ritrogen 5060 megahertz please remember this
point. Now, let us see a 600 Mega NMR spectrometer to people er preton simply multiply
twro into 530,200 hertz, five ppm in proton is five ard 500 in a 6) Mega spectrometar 3000
‘hertz simulate 10 ppm is 600 megahertz is 60CC Hertz. Now, the same this thing the 600
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So, very easily you can do the conversion from ppm to frequency; interconversion you have
to do like this, if you want to convert ppm to frequency, multiply by the resonating frequency
of the nucleus. Remember this point, multiply by the resonating frequency of the nucleus. 1
ppm at 400 megahertz is 1 into 400; that is the frequency 5 ppm at 400 megahertz is 5 to 400
is the frequency. So, for frequency to ppm conversion, what you will do then reverse; just
simply divide by that resonating frequency, that is all.

(Refer Slide Time: 09:42)
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S0, let us teke an example on a 600 mege spectrometer, proton esonating frequency is 600
‘megahertz, carben is 150 megahertz and ntrogen 13 is 60 megaherz please remember this
point. Noww, let us see 2 600 Megz NMR spectrometer to pzople for prcton simply multiply
two into 630,200 hertz, five ppm in proton is five zxd 600 in 2 60) Mega spectrometer 300)
hertz simulate 10 ppm is 600 megahertz is 6000 Hertz. Now, the sems this thing the 600
‘megahertz, we will see will we caow the frequency let us say [ want to fiad out the PPV let
1 52y 600 megahertz T measure the resonant Srequency of a peak. it is 1800 hertz, i T asked
you what is the PPM, what you will do, that's what 1 showed vou, but it divided with the
resonatiaz frequency now, tha: meers, divide 1800 by six and that is thres ppm. Similery,
2400 divided by 600 is four ppen. So, ke this you tan convert frequency to pom: by Gividiag 15N Resonating Freod ency: G 0.8 MHz
by the relative frequency you cen convert PPM to frequency by multplying witk relative
Jrequency these are important terms you temerader now, there arz common termnclogies

thatwe add up generally

et us say a pond like tis chlorine is electronegative right charge density delia minus wita
espect to this € dela plus here s the chart this distribution is wneven. Now, what anotber
mportant point T wext to tell you et this sizge is higher ¢ shielding of the proter. there is
‘eneraed the Lower Field higher freqency that mean, if w2 ave more and more eloquert
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So, let us take an example on a 600 mega spectrometer, proton resonating frequency is 600
megahertz, carbon is 150 megahertz and nitrogen 15 is 60 megahertz please remember this
point.

(Refer Slide Time: 09:54)
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S0, let us teke an example on a 600 mege spectrometer, proton esonating frequency is 600 )
megahertz, carbon is 150 mezahertz and ntroger. 15 is 60 megaherz please remember this PPM ‘tll'ld Frequencv lmerconversion exam]ﬂg
point °

{Refer Skide Time: 09:54)

On a 600 MHz NMR Spectrometer

Now,I2t s sce on a 530 megahertz NMR spectrometer 2 ppm: or proton you simgly multigly
2 nto 600 it is 1200 hertz, § ppm :x proton s 5 iafo 600 i 2 600 megaherz spectrometer
3000 hertz similay 10 ppra is 600 megaherz is 6000 Hertz. Now, the same tais tiaz the
500 megeher, we willsce will we know she freguency letus sey [ wert o find out the PPN
et s say 600 megahertz | measure the resonet frequency of a peak, it s 1800 herz, if I
ashed you what is the PPM, what you will do, rafs wat I shovwed you, but it divided wita
the rasonating frequercy now, that mears, divide 1800 by six and that is thres ppm.
Similarly, 2400 divided by 600 is four pam. So, ke this vou can convert fraquency to ppra
by dividing by tte relafiv frequency you can convert PPV to fiequeacy by muliplyiag wita

relafive fequency thess are important ferms you remember now, faore ere commo

emiaologies thet we add vp geacaally

et s say a pond lke tkis chlorne is clectroncatve right chare density delra minus wita
cespest 10 this € delta plvs hace s the chart this distribution :s waeven. Now, what aaother
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Now, let us take an example; on a 600 megahertz NMR spectrometer 2 ppm for proton you
simply multiply 2 into 600 it is 1200 hertz; 5 ppm in proton is 5 into 600 in a 600 megahertz
spectrometer 3000 hertz; similarly 10 ppm in 600 megahertz is 6000 Hertz.

(Refer Slide Time: 10:17)



% Advanced NMR Techn quas in Solution and Sclid .

(OO et Desgn Layout Refernces Malings Review View @ Tellme. 2 Shere

A |2

&
styes Edting

- mesNewRoman <12 -
B I U-axx x K

Paste

T A-Yopmae K5 D

=,
=
L

ipbard & Font 5 Paagiash =l styes
SR LS

Now, the seme tais thing tae 600 megahertz, we will see will we know the frequency Jet us . 7
e vt find o e pm Tt s €0 gtz | e esontingFequensy of PPM and Frequency Interconversion examples );
a peak, it is 1300 hertz, if T acked you what is the pom? What you will do? That is what T .
showed you, but it civided with the resorating frequency rov:, that means, divide 1800 / § z NMR Spectrometer
and that is 3 ppm similarly, 2400 / 500 is 4 ppm. So, like this you can corvert frequency to
ppm by dividing by the resonafing frequeacy you can comvert ppm to frequency by

muliplying with resonating frequency,

Taese are important terms you temember now, there azc common terminelosics fhat e add

e
e 3600 Hz in 'H spectrum : 3600 =6 ppm
up genzrally

‘et us say a pond like this chlorine is electronegative right charge density delia minus with

respect to this C delta plus here is the chart this distribution i uaeven. Now, wha another

“mportant point  wect 1o fell you at this siege is higker cg shiclding of the proven there s
gencrare the Lower Field higher frequency that means, if we have more and more cloguert
elatvity Ultre negafive groups prescrt n the molecele, the arofon is very close to tat it is
goin fo withdraw the clestrons from tis 2s @ consegazace it comes o the dorit fel hat the

electrons dart ll ut the spectrum. Thar means, if you go this i the high field zero ppm, if
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Now, the same this thing in 600 megahertz, we will see. We know the frequency let us say, I
want to find out the ppm. Let us say 600 megahertz [ measure the resonating frequency of a
peak, it is 1800 hertz, if I asked you what is the ppm? What you will do? That is what I
showed you, divide with the resonating frequency now, that means, divide 1800 / 6 and that is
3 ppm. Similarly, 2400 / 600 is 4 ppm. So, like this you can convert frequency to ppm by
dividing by the resonating frequency; you can convert ppm to frequency by multiplying with
resonating frequency.

(Refer Slide Time: 10:58)
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prctoa there sesonated the lower field higher ficqueacy that means, if e have more and mere

cleciro nogetiviy wictro aeealive groups present in the molecnle,the proter is very close to

that it is going to withdaw the electrons from this as a consequerce it comss to the dowa C0m0n Termmologles
J

o

5l o7 the eectrons cown ficld of tae specirne. Thet meass, if you go this s the higk field 0
opm, if vou kave more and more clectro nceative 2roup is start coming more and mere
ovasds taz low feld region low fiekd moaas higher frequency region.

(Refer Skide Time: 11:54)

So, hese ar= the temizclogies waich you adopt cormon backs of NMR ifyou see, et wil
thes? are theterminologies we will alweys uilse ke please remember tis ct s say I have a

Higher the deshielding the protons resonate at
lower field (Higher frequency)
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These are important terms you remember. Now there are common terminologies that we
adopt generally. Let us say like this, chlorine is electronegative, the charge density delta
minus with respect to this C delta plus; here is the charge this distribution, it is uneven. Now,

what another important point I want to tell you at this stage is higher the deshielding of the



proton there resonate at the lower field; higher frequency. That means, if we have more and
more electro negative groups present in the molecule, if proton is very close to that, it is
going to withdraw the electrons from this. As a consequence it comes to the down field of the
spectrum. That means, if you go this way, it is the high field 0 ppm, if you have more and
more electro negative group it starts coming more and more towards the low field region; low
field means higher frequency region.

(Refer Slide Time: 11:54)

electro negetivity zlectro egative groups oresent in the molecule, the protor: is very close to
that it is going to withdeaw the elestrons from this as a consequerce it comes to the dowa {5 t)

5l o7 the eectrons cown ficld of taespecirne. Thet meaus, if you go this s the higk field 0 Higher Field, Lower frequency,

Lower ppm, Higher shielding

opm, if You kave more and more clctro ncgative zroup is strt coming more and mere
towards ths low ficld scgion low ficld means higher frequency region
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S0, thesz ar2 the termirologies waich you adopt common bocks of NMR if yot see, you will
thesz are theterminologies we will always uilse the please remember tis ct us say | have a
spectrem from 0 fo 10 ppm proen spectrum, if you g0 from eft fo right, we say we ere
moviag tomards ik field the et us say there are 2 peaks L, kis peaks s at lower field aad
the move towards the rig: this peak is i the high field region. Or other words, this is the
higher frequency, this is the lower frequency. This et Jower ppm this s a higher por: this
ovier shielding s s ¢ higher shiclding. These are the terminologics which is which ere

commonly emaployed do nct get confused, you have 1o practice tais with you will et it on the
other band, sou go from lef right fc lef. That means vou are moving towards levver fied,
you are moving “cwards higher cquency, you are moving towards the higker ppm, you ere
moving fovard higher dsshiclding arca. So this is the ‘erminology when we falk abert
shielding end deshicldiag, a5 e g0 aheadin forther, these ae he thiags which you waak onz
her
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So, these are the terminologies which we adopt. Common books of NMR if you see, these are
the terminologies we will always utilise. Please remember this. Let us say I have a spectrum
from 0 to 10 ppm, proton spectrum, if you go from left to right, we say we are moving
towards high field. Let us say there are 2 peaks here, this peak is at lower field and you move

towards the right, this peak is in the high field region.

Or other words, this is the higher frequency, this is the lower frequency. This at lower ppm
this is a higher ppm; this is at lower shielding this is ar higher shielding. These are the
terminologies which are commonly employed, do not get confused, you have to practice this
you will get it. On the other hand, if you go from right to left, that means you are moving
towards lower field, you are moving towards higher frequency, you are moving towards the
higher ppm, you are moving toward higher deshielding area. So this is the terminology when
we talk about shielding and deshielding. As we go ahead further, these are the things which
one must remember.

(Refer Slide Time: 13:04)
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when the exgrsion frequency you see taat tte spread in the frequency here 0 to 10 s 2000
hertz, here 0 to 10 i 4000 and here is 6000 hertz So, arger spectral dispersion, when you 20

Chemical Shift and Field Dependence ()
Higher Magnetic Field gives better Spectral dispcrsighn

‘o higher and higher magnetc field, when you cxpress in frequency.

And now chemical issue 10 PPM scale, we can make a simple comparison like tis. 11 tcld W
him 1 gets letters I have three peaks, one, threc and six ppm, 400 megahertz semain same 63) 2000 Hz

‘megahertz same 800 Mega CD, i cemairs seme, becuse 1 tcld you when expresscd iz pp. o @

chernical shift ramains inveriant with respect to th2 magnetic field. On thz other hand, whan T 7

express in frequency scale, i is one ppm is 200 or 200 megahertz, 600,20¢ 100 megahertz, is 4000 Hz @

400 cxit valve kecps changing, but sce this dispersicn is going so chermical sift The PPM

scale is invariaxt in the frequency scale you see better and better dispersion as you go to 10 ppm 0ppm
higher and higher magnetic field. So, always chernical shifts are given in fingerprints are the ‘ 6000 Hz 600 MITZ

fingerprints of the molecule more or lass it is like radio frequency for each radio station, I

because we arz in the radio frequency region for examgle, you krow, that a partcular racio 10 ppm 0 ppm

Sequency region bandwidth a sation is here, my strion is some frequency and soe otter
station is some other frequency like that different functional groups present in a given
molecule, they all come with @ pariclar range of frequencies, it is 2ot a gereral o, bura
sort of one can ] undersand it s mere or less over the years people are understood if or if

thereis a voyage erosp preseat, i they arc a Benisg eroup presert, i there s at preszat a

1 + 10

H R BUGCGHEECE®O ®~oow@ems 0 B

Pageliof1s Si0words [ Erglih ustalia) (]

® O Typzherstosearch

Chemical shift and field dependence we will talk now, higher magnetic field gives better
spectral dispersion, which is always true because nu = gamma into BO over 2pi, that is what
we have been discussing. So resonating frequency linearly varies with the magnetic field. As
a consequence, chemical shift also changes, increases linearly with the magnetic field. Now |
will consider 0 to 10 ppm; in 200 megahertz spectrometer if I record the spectrum from 0 to

10 ppm. I will say 0 to 10 ppm is 2000 hertz for proton in 200 megahertz.

If I go down further or if I go to higher magnetic field, 400 megahertz 0 to 10 ppm is O to
4000 Hertz, go to 600 megahertz, 0 to 10 ppm is 0 to 6000 Hertz; fantastic. Look at it, when
you express in ppm range, it remains same 0 to 10 ppm in all the cases. But when you express
in frequency you see that the spread in the frequency; here 0 to 10 is 2000 hertz, here 0 to 10
is 4000 and here is 6000 hertz. So, larger spectral dispersion, when you go to higher and
higher magnetic field, when you express in frequency.

(Refer Slide Time: 14:21)
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you in megahertz et us say [ have 3 peaks, 1, 3 and 6 pom, 400 megahertz emia same 60) SO .
Chemical Shift in frequency and PPM Scales

Frequeacy scale ]B» PPM scale

41

300 MHz

megahertz same 80) megahertz it ermains seme, becavse I fold you when expressed i ppu,
chemical shif emains inverient with respect to the magaetic field. Oa ta2 other hand, when I

express in frequency seale, it i 1 ppm: is 20, 200 megehertz i 600, 1200 aad 400

megaherz, is 400 ke that valve Keeps changiag, bt see s dispersicr is going so chemicel

shift the ppm sl is invariant in the frequzncy scale you see betier and bettr dispersion as
you 80 o higher aad Fisher magnefic ficld

600 MHz

|
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1200 600 200
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And now chemical shift and ppm scale, we can make a simple comparison like this. If at 200
MHz, let us say I have 3 peaks, 1, 3 and 6 ppm. At 400 megahertz it remains same; 600
megahertz; same 800 megahertz it remains same, because I told you when expressed in ppm,
chemical shift remains invariant with respect to the magnetic field. On the other hand, when I
express in frequency scale, it is 1 ppm is 200, at 200 megahertz they are 200, 600, 1200, etc.

and at 400 megahertz, see their value keeps changing.

But see this dispersion of the chemical shift, in the ppm scale is invariant; in the frequency
scale you see better and better dispersion, as you go to higher and higher magnetic field.

(Refer Slide Time: 15:07)
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Always the chemical shifts are the fingerprints of the molecule. More or less it is like radio
frequency for each radio station, because we are in the radio frequency region. For example,
you know, that a particular radio frequency region Bangalore station is here, mysore station is
some frequency and some other station is at some other frequency. Like that different
functional groups present in a given molecule, they all come at a particular range of
frequencies. It is not a general rule, but a sort of one can understand. It is more or less over
the years people have understood. if there is a OH group present, if there is a benzene group
present, if there is a CH3 group present in a molecule, where does it come and in which
region of the spectrum? If I take the proton spectrum or carbon spectrum or fluorine
spectrum, the different regions have been classified; more or less identified, they say it will
come here, if I the analysis I had to do; If I look at a peak somewhere here, with the basic
knowledge already available, in which region of the spectrum we are getting the spectrum,
then I can start saying there is a possibility there maybe aromatic group here, there is a
possibility that CH3 group is there like that, I start making that assignments. So, chemical
shift that way are the fingerprints of the molecules, fingerprints of different functional groups
present in the molecule.

(Refer Slide Time: 16:24)

that way are the fingerprin's of the molecules, fingerprints of Gierent functiaral grcups
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Like this, for different functional groups you can sze for protons, where it is coming, 1t is
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Like this, for different functional groups you can see, for protons, where it is coming, it is
clearly mentioned more or less; if I have, let us say CH2N group, I can get it somewhere
here. If I have, aromatic protons, it comes here; like that, more or less the different regions of
the spectrum are identified. Remember, it is not 100% accepted rule, it is only a guideline for

you, not that it should be always here.



There is a possibility depending upon the type of molecule you are studying, depending upon
the neighbouring groups, electronegative groups present or not ,electron donating or
withdrawing group, it will move from here to here, or anywhere in the spectrum, but these are
the guidelines to start the analysis.

(Refer Slide Time: 17:07)
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For the contributions to the shielding, there are different types of contribution, one is called
the diamagnetic contribution, others are paramagnetic contribution and neighbouring groups.
The diamagnetic comes because of the s orbitals in the molecule; and the paramagnetic
comes because of p orbitals, as well as other things. And of course, this is because of the
neighbouring groups present in the molecule. All of them contribute, that is why I said that
graph which we showed for different functional groups, where they are coming, it is only a
guideline, there could be deviation, it can change a lot.

(Refer Slide Time: 17:43)
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For exampl, thece are sveral fctors which can affect chemical shift, there culd o= teic Factors affecting chemical shift {‘ )
effact or it could be a resonance effect. If you have a hyper conjugetion which is geing on, V4
there could be heevy rom subsiution that i clled tsavy atom effct CX 4 comes here, if

you replace CX 4 by CHX 3 it is bere, CH 2 X 2 comes bere and CH 3 X comes here. S0 teric effeCts

have yon hed them effrt as a consequence estlin frequency charges it s ) fecaliztion

of aromarics. There s another reason that can elso happen mesmeric 2fggls.qw can ¢ aad Resonance effects

ring current effect you know that theyll e will rake an example and show and it s sort of
EFL bonds are inherently in and sc probably as a corsequence, you sez I certainly groves,
there is additionally iF a proton is situated here and kers, it is shielded If it s in the play in . .
ine with this C doctle one C whereas o the orher hand, for other types of elipkatic grocves Hyperconjugation
ike C double but like etaylene are efaient groups, you see tae i this region, 1 is shielded in.
this regicn, which is the shielded from the cone. So, clectronegarivity go and the chemicel
should depends largely on taa, for evarupl, et sheet metal f w take i comes af poist Heavyatom Effec
two three PPM and if we repace ons of the protons on substitute by E{Deep, it comes at 1.93
PP and instead of that meke it ¢y two by, You will geta 2.5 ard gl two CL. you g2t 284 ch e
£ you get 4.13 What I've been doing here is ylirg negaiive we are increasing as you go frer
left w0 right, fluoriae is more elzctronegative and then less Carter in the stand that Roman less
than that and dialled in i less than that has ircraased electronezativity from goirg from left

10 ik vom an g2e fhie seeanant fremaney or the chamical chift Te renzing for the
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For example, there are several factors which can affect chemical shift, there could be a steric
effect; or it could be a resonance effect. There could be hyper conjugation which is going on,
there could be heavy atom substitution; that is called heavy atom effect. CH4 comes here, if
you replace CH4 by CHX3 it is here, CH2X2 comes here, and CH3X comes here. This is
heavy atom effect, as a consequence the resonating frequency changes.

(Refer Slide Time: 18:10)
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s 2 delocalization of arcmaics there is anvher season fhat can aso Aappen mesmeric
efects, you can see aad ring cuirzat effsct you knowrthat they vl  vwill ek 1 axample aad

Delocalization in

show and anisctropy bonds are inherently in anisotropy as a consequence, you see

acctaldchyde sroups, tere is dshiclding ifa proton i itaated here exé here it s shizléed if aromatics

s inthe layinlne with tis C fripl bor C wheceas onthe othr hrd, for ohertypes of

aliphatic aroups ke C doube bond ke etalere o etkanegroups, yousee th i this resicn,

s shieded n thisreic, i s desielded rom the cose Ring Current Effect

Anisotropy Effect
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It is a delocalization of aromatics, there is another reason, that can also happen; mesmeric
effects, you can see. And ring current effect you know that I will take 1 example and show.
Anisotropy effect, bonds are inherently anisotropic. As a consequence, you see acetylenic
groups, there is deshielding if a proton is situated here and here, it is shielded if it is in line

with this C triple bond C; whereas on the other hand, for other types of aliphatic groups like



C double bond like ethylene or ethane groups, you see in this region, it is shielded in this

region, it is deshielded here. It forms a cone.

(Refer Slide Time: 18:48)
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S0, sictrenegaivity g and the chemical shit depeads largely cn tht, for example, actsl

Electronegativity and Chemical shifts ()
—~

CH 3 methane if we take it comes at 0.23 ppm and i we seplace one of the prorans o1
substitute by iodine, it comes at 1.98 ppm and instead of that make it CH 2 B you will get . General rule : Hisher is the electron density
A - aent
2.5 and CH 2 Clvou get 2.84, CH 2 F you ger 4.13. What [ have been deiag herz? Electr: . . N .
o g e v e Been delag B Ko environment, lower is the resonating frcqucg

aegative we ase ircreasiag es vou go fom lef to ight, flvorine s mote electronzgative and

-7‘—_—,_—
then chorive les taan taat bromine less than that and iodine s lss than that has increesed H.CH, "'C)'ﬁ) H( N Hﬁn;‘cﬂ @
25

clecronezatvity from gorng fiom 123 fo righ', vou can see this rescrating fiegueacy or the v Sy
3.0

@ ‘ss) ﬂﬁ) AED)
 the structure that had to perform C tiree and 10 two gh two is taere norw, CH thrae cups Y\

>
comes here and withou the substtution of 2 o there symmetric. Now moment i actually

chemical shif keeps an increasing fo the proton selected profer. Sa thet i the thin clestron

£

negativiy effect. If] tae the Nio propans kere, very ezsy to understand, you keorw the whet

Lower field (Higher frequency)

1o the izvered grovg. You will aave ca three zroup ¢ D group CHD and water corass here,
three diffecent groups. Why there's a muliplicity we will discuss lter, wha: [ trying to say

s substitution of an wliga negative 2roup, not only they started the accumulation symmetry of
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The chemical shift depends largely

on electronegativity, for example, methane if we take it

comes at 0.23 ppm and if we replace one of the protons and substitute by iodine, it comes at

1.98 ppm; and instead of that make it HCH2Br you will get at 2.5 and HCH2CI you get at

2.84, HCH2F you get at 4.13. What I have been doing here? electro negativity we are

increasing as you go from left to right. Fluorine is more electronegative, and the chlorine less

than that, bromine less than chlorine and iodine is less than all the three. Thus the

electronegativity is increased on from going from left to right. You can see this resonating

frequency or the chemical shift keeps on increasing for the selected proton.
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is more electronegative and

The inductive effect is transmitted through bonds ang
not limited to directly bonded protons i

less than that has mereesed

rescrating freuzacy or the

The group creating the inductive effect can be any chemical
groups as a whole, such as -NO,, -OH, -SH, -NH,, etc

So thar s the thing electro negiviy effect. I T take ke ritro propane tere, very easy o
undersierd, you know the whet s the stucture of nitro propane CE 2 NO 2 CH 2 is there
aow, CH 3 groups comes kere and without the substitation of NO 2 they are symetric. The
‘moment you substirute the NO 2 group. You will aave CH 3 grosp, CH 2 group and CH 2
NO 2 comes here, 3 ifferent groups. Why ttere i 2 multipliciy we will discuss er, what

am frying to say 1s substitution of an electro n=gative group. not only distorted the symmetry
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So that is the electro negativity effect. If I take the nitro propane here, very easy to
understand, you know what is the structure of nitro propane CH2NO2CH3; the CH3 groups
comes here and without the substitution of NO2 they are symmetric. The moment you
substitute the NO2 group, you will have CH3 group, CH2 group and CH2NO?2, the three

different groups.

Why there is a multiplicity we will discuss later, what [ am trying to say is the substitution of
an electro negative group, not only distorted the symmetry of the molecule, now, different
protons are coming at different frequencies, because the electronic environment is different.
This is an inductive effect; it can go from NO2, the effect can come not only for CH2, but can
go up to different groups also.

(Refer Slide Time: 20:24)
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Tt can also go by leazhening the bond. So, ¢ examgle, CE 2 will lengthen i the chain CH the shielding and causes proton to resonate at

‘methane is there semove 1 proton and put CH 3 remove another pratens ot another CH 2 lower field
and CH 3 Hee this, ke on lenghening the molecul then wht happened the shieldng also
‘what happenad this proton which is at 024 started going at 0.91 start going at lower aad
cver field $o, this i th thing which can wnderstand you can understand the teracion
effec, which i srmsmited through bond or long distnce and be shielding become higker
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It can also go by lengthening the bond. For example, lengthen in the chain; the CH of
methane is removed here, remove one proton and put CH3; remove another proton put
another CH2 and CH3. Like this, keep on lengthening the molecule, then what happens? the
shielding also changes, what happened this proton? which was at 0.24, started going at 0.91
ppm, start going at lower and lower field.

(Refer Slide Time: 20:52)
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And of course, it also depends the deshickding if it dacr:aseiut_hnxl:mngth distance
from the clectronegative afom. See here electronegetive atom is hers and it is directly Deshielding is higher with increase in the numberg‘f)

attached very close by now introduce tae CE 2 group in between it is far awav. But

shielding effect keeps changing like another CH 2 grow, i zgain charges nstead of lectronegative atoms
coming to the Jgyfizid in low ppm, it start gowg to the high ppm this what happ=ns. So @ f |
Mesoanerica ade is exothe important hinz For examgle, loo at the CH three i Shi to b, //

it called ethylene, There s symmetry for this molezule on this axis, ke this axi, all four (3_'9_5__}’9'“
protons accurulate chemically eqivalent Becavse of tha,the gugd single pak, oaly one

peak you gt fr ikylene. And taa comes at 5.29 pom i proton The deshietding effect decreases with increase

in the distance from the dulruncgdtm atom

-CH,-Br ,,,, CHchCH@

330 Oppm

Now what | o is T goine fo knock cffthis preton ard g was the b3 eroup was the 80s
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This is the thing which you can understand. This is the induction effect, which is transmitted
through bond for long distance; and deshielding becomes higher and higher with more
number of electronegative atoms present in the molecule. For example, in CHCI3 there are 3
chlorines it comes at 7.27 ppm for proton, whereas for CH2CI2 it comes at 5.3 because there
are 2 chlorines; when you have CH3Cl there is only single chlorine it comes at 3.05 ppm.
Thus it also depends upon a number of electronegative atoms present. And of course, it also
depends the deshielding; it decreases with increasing the distance from the electronegative
atom. See here electronegative atom is here and it is directly attached very close; by
introducing the CH2 group in between it is far away. But the deshielding effect keeps
changing. Add another CH2 group, it again changes, instead of coming to the low field, it
start going towards the high ppm, this what happens.

(Refer Slide Time: 21:49)
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Taey ere moviag the peaks ere moving towards the high field region here it moved to the

dovafield e his molecl e move o thehigh ild region s esgrgs effect Mesomeric effects - EWG’s and EDG’s ( :)
because of substitution of tae electron withdrawiag group and elecron doratirg groups okay. m All the protons are The addition of a ketone group==
Sinilarly, benzene there's < ring current effect is very yery importart thing you must know if H quivalent 3 withdraws electron and decreases
ou consider benzene always you know there is g elect-ons which are rotating in the plans of < ""@' the shielding around protons

the benzene siag, there is & this ring motion moving elecirons generate a magnetic fild this

‘magneric fisld is perpendicular the plare of the ring and that will be agzinst the applisd
‘magnetic fizld. So, what will happen as a consequence, if I take & molecule which has a
phenvl preup or a benzene grovy, thr: has a benzene zroup is plarar ike this. Let vs say
Methoxy group will domate electron to the
double bond and increases the electron
density around protons and increases
shielding

proton suture and the top of it are below this or that like kere and here, top 2ad betrom of the

Jemale 1ing they get sealed it what 2appened to the protons which ase seated in the plane of
the ring? They get D shielded this way tkis explains if yu teke e proton NMR spectrura
hemmetic protcrs ahways comes zround seven PPM don't feel wihat s the reason because of resonates at high
this, the protons which are in the plane of the benzene ring, they get the shielded whereas field

prctoa Siw aiborne below the plane always get shielded. So this s the effort which we ere
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The mesomeric effect is another important thing. For example, look at the molecule, C2H4, it
is called ethylene. There is symmetry for this molecule on this axis, along this axis, all the 4
protons are chemically equivalent; because of that, they give rise to a single peak, only 1 peak
you will get for ethylene and that comes at 5.29 ppm for proton. Now, what I will do is, I am
going to knock off this proton and put OCH3 group, OCH3 is electron withdrawing group

then this molecule ethylene is called methylvinylketone.

What did we do by putting COCH3 group? we have broken the symmetry of the molecule
here. Now see, these 3 protons are chemically inequivalent. That means, unlike here, they do
not come at the same chemical shift. Chemical shift of this is different, this is different and
this is different; all are different. Look at this one, from 5.29, it moved to 5.96 ppm,

everything is moved to the down field.

On the other hand, I will do one thing. I am going to add OCH3 group instead of COCH3, it
is an electron donating group, it will not withdraw, it will give electron. As a consequence,
what happened? again you have broken the symmetry, but nevertheless, see what is
happening. Tthe peaks are moving towards the high field region; here it moved to the
downfield region in this molecule; this move to the high field region. This is mesomeric
effect, arises because of substitution of the electron withdrawing group and electron donating
groups.

(Refer Slide Time: 23:33)
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atcmatic protons alays comes arcund 7 ppm dovwn field whet s the reason? Beceuse of this,

the protons which are inth place o he benzene ting, ey et the deshielfed whersas proton Ring Current Effect ®
seated above and below the plane ahvays zets shisided. So this i the effect which we ere The ring current will generate a magnetic field -
aoing o see. Axd s a consequece, the defa velues the protons the above and below are ia perpendicular to the plane of the ring, that will be against

the plans changes a lot Okay So, this way, pensraly in any raolecule, if you consider, i yon the external magnetic field

have a femele group present in your molecel and in al these female protons gencrally come i

anywhere befween six to nine ppm. So, thers is also magnetic field anisotropy is anotker

important thing you should kaow bonds are inherant anisctropy, we know that and thea > 7
.

anisairopy cex cause 2 Iotof problerns, consider a molecule Lke s, e have protoms here
and the profons which are here, sze proions insice his get the shiclded and goes up to minus
1426 ppm, highly skizlded. Whereas, here ke protons i the plere is heavily shielded, tus is

a heavily D shielded goes to minus 14.26 ?PM minus 14.26 mean, beyond raumatol, CNN, The protons sitting onthe plane of the ring are deshielded.
you understand this all happered because of anisotropy effects are, alay, Luca is Amylia Those lying on top or below the yirg :cldcd (i.e.
‘molecule s a very interesting molecule here, the protons which has within this fun thing, higher fields and therefore lower value of 6)

which ae situed interraly infecior profons, they come at mims 2.9 ppm, Eighly shiclded,

wherces, peripheral ghotons bear cll taese protons, Waich are exposed outside peripherel
protoas, ey come at Iof 5,28 ppm, remember 9.28 ppm. the ixernal protons in those ere
us gitg intrior, fhey ome out minus thice people closz fo minus three ppm, they ere

shielded, and these arc D siclded. So, these are the important concept of s, the auisotropy

Page30iz1  STwords [§  Erglih (ustalia) ] B - L + 106

8 P ypzherstosearch Ot u U EECERO

= 7PV
A G oD me T a



Similarly, in benzene there is a ring current effect. It is very, very important thing, you must
know. If you consider benzene you know there are electrons which are rotating in the plane of
the benzene ring; the moving electrons generate a magnetic field; this magnetic field is
perpendicular the plane of the ring; and that will be against the applied magnetic field. So,
what will happen? As a consequence, if I take a molecule which has a phenyl group or a
benzene group, which has a plane like this. Let us say a proton is situated on the top of it or
below this, like here and here, top and bottom of the phenyl ring they get shielded. What
happened to the protons which are seated in the plane of the ring? They get deshielded this
way; This explains why if you take the proton NMR spectrum the aromatic protons always
comes around 7 ppm, down field. What is the reason, because of this, the protons which are
in the plane of the benzene ring, get the deshielded; whereas the protons situated above and
below the plane always gets shielded. This is the effect which we are going to see. And as a
consequence, the delta values the protons, whether they are above and below the or in the
plane, changes a lot.

(Refer Slide Time: 24:59)
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So, this vy, generally in any moleeule, i you corside, if you heve a phenyl grovp presert

1 your moleeule aad in al these pheny] protons generally come exywhere between § 1o 9

.S thr i o magasic eld ooy s ansther porant g yu shoul o This is why aromatic protons s
bonds ae inkerent anisotopy, we know that and then anisctropy can cause a o of probles, plane of the ring resonate dowsfield (6-9 ppm
consider a reclcule ke thi, e aave protons here and the protees which ere hete, see

prctoas inside this get (22 shielded and goss up to miaws 1426 ppm, highly shielded.
Wheteas, here the provors inthe plane is heavily shielded, s is  heavily D shielded goes to

s 1435 PIM minus 1426 means, seond traumaiol, CNN, o3 undersierd this it
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So, this wis why, generally in any molecule, if you consider, if you have a phenyl group
present in your molecule; and in all these, the phenyl protons generally come anywhere
between 6 to 9 ppm.

(Refer Slide Time: 25:14)



3 ppm close to minus 3 ppm, they arc shickded, and taesc ave deshicldec. So, these are the

mportant concept of ks, he exisotropy effccts are aso ther, ot of things we can sce bond
s inherently anisctropic here exd a6 a consequence, ey will incecase magactic flow et the
end at the 2nd of the bond and it s decreased effectively above of below the bond. T have this
concept of course, you can use by sing MeConnell equatin, fe us discuss ttis becase 1

discussed m the previous course, just for the benefit of those who did not take this course. T

e : [4n+2] 7 electrons

explaincs s bond ezisotropy, but remenabe, because s the bond axisotropy if 03 comsider
the CC band,

you can write the chart density distribuion in the form o7 a call et tae protars sitvated ia
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There is also magnetic field anisotropy, it is another important thing you should know. The
bonds are inherently anisotropic, we know that. And then anisotropy can cause a lot of
problems. Consider a molecule like this, we have protons here and the protons which are
here, see protons inside this get deshielded and goes up to minus 14.26 ppm, highly shielded.
Whereas, here the protons are in the plane, are heavily shielded, this is a heavily deshielded

region, goes to minus 14.26 ppm; minus 14.26 means, beyond tetra methyl silane.

You understand this all happened because of anisotropy effects. Look at this annulene
molecule. It is a very interesting molecule, here the protons are within this ring, which are
situated internally, they are interior protons, they come at minus 2.9 ppm, highly shielded,
whereas, the peripheral photons are here; all these protons are exposed outside, peripheral
protons, they come at low field 9.28 ppm. Remember 9.28 ppm, the internal protons in those
are just interior, they come at minus 3 ppm close to minus 3 ppm, they are shielded, and these
are deshielded.

(Refer Slide Time: 26:41)
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So, hese are the mpartant concept of tis the anisctropy =ects are also thsre, l: of things POLOIPLL IR LA
Any ch€mical bond is inherently anisotropic, i.e., it has

direction in space

we can see bond is irberently anisotropic here and as a coasequerce, they will increase

magnetic field at taz end at the end of the bond and it is decreased effectivaly above or below

Eg, C-C bond
the bond. T nave this concept of course, you can use by using McCorrell equation, Jetus rat z C | > T 10
discass this because I discussed in the previous course, just for the berefit of those who Gid A == N atedestihsbont
. i AN
ot take this course, T explained this bond anisotropy. B I lic 3 Decrensed effective field
a g above ar b
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the chart density distribution in the form o a call here, the protons situated in this cone ere . ’.| Ds= (GraNeEs)
C
the shielded the proton stvated outside tis cone are shisiced. This is C doutle bord C 43 LU
o ¢ situate: ST SUEE
clini pretons Like the C double bond C, agein boileble This coia i sasla protons sitvated i d R T o

fere in D are shielded, 5 in e cone, the provors are D shielded. Whereas, iteresing’y, magnetic suscepfibility, one can calculate Ac
what hagoens if ke the SCT Lypais group three C wiple borc see the protons seated in he
€0 are shiclded youire borr. below are the shickded remember the difercrce betwoen these
CW siagle bond C G double bt C these type of aliphatic erous the protons situated wikia
the cone or D shielded aiborne below shislded wheraas, for the tripte bond like this as

cxample, 2 simple examplz skeet ia any proror, that's the reason why acetylkne comes at
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So, there are many important concept like this, the anisotropy effects are also there. The lot of
things we can see; bond is inherently anisotropic and as a consequence, they will increase the
magnetic field at the end of the bond, and it is decreased effectively above or below the bond.
Of course, you can use by using McConnell equation, let us not discuss this, because I
discussed in the previous course. Just for the benefit of those who did not take this course, |
explained this bond anisotropy.
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the cherge censity distibution n the oum of a cone here, the protonssifvated inthis cone are
deskiclded the provon sitvated cutside this core are shielded This is C' double tond C, The two cones span from the center of the bond: Inside the conc, there .)
cliylei,prtonslke e € double bond C, age s cone s sl prons skt hee i deshilding and outide there i shieding. At n angle of 47 the

and bere are shislded, but in the cons, the protans arc dashieldsd. Whereas, intercsingly,
what bappas if [ take the asstylsaic gxoup 3 C triple bond C the proteas sinated iaside the
cone are shielded sitated above and telow are deshisided remerber th difference betweea
thesz C single bond C, € double bond C these type of aiphatic groups the prorons sitated
within the cone are dhiclded a>0ve and below are shiclded whercas, or the trigls berd like

The striking effctis that the
shiclding and deshielding areas
are reversed intriple bond

this a5 example, 2 simple cnample of assivlems proton, that is the season vy acetylens
comes at igh field ook at his thing and protons sirated here is shielded here and here ere
the shielded. So, and there are so, many cffects that v sec tae simple figure whick shows

=c (=0 C(=C C=N Huvestronger anisofropies

you tac four dierrt protons for example, for a molecale o see scgle bord See, here it is
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But remember, because as the bond is anisotropic, if you consider the CC bond, you can write
the charge density distribution in the form of a cone here, the protons situated in this cone are
deshielded; the protons situated outside this cone are shielded. This is C double bond C,
ethylenic proton;s like the C double bond C, again this cone is similar; protons situated here

and here are shielded, but in the cone, the protons are deshielded. Whereas, interestingly,



what happens if I take the acetylenic group? The C triple bond C the protons situated inside
the cone are shielded, those situated above and below are deshielded, remember the
difference between these C single bond C, C double bond C. In these type of aliphatic groups
the protons situated within the cone are dehielded, above and below are shielded whereas, for
the triple bond like this as an example, a simple example of acetylenic proton. That is the
reason why acetylene comes at high field, look at this thing and the protons situated here are
shielded; here and here are deshielded.

(Refer Slide Time: 28:23)
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There are so many effects. This is the simple figure which shows you the 4 different protons
for example, for a molecule with C single bond C, here it is shielded here it is shielded. Here
these 2 shielded; only for the C triple bond C you see the effects are reversed here and here.
Here and here both are reversed, only for single bond and double bond the pattern is same
behaviour is same, it shields in the cone and deshields outside the cone, but it gets reversed
for C triple bond C structures.

(Refer Slide Time: 28:56)
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This is the reason why you can understand by the bond polarity how the induced field is
generated and how it is going to affect. What I wanted to tell you today with this about
chemical shift is that, there is lot more we can talk about chemical shift, chemical shift alone
we can discuss for several hours, there are conjugate effect, aromatic substitution effect,

steric effect and too many things, what happens if there are hetero atom substitution,etc.

If there is both the hetero atom substitution, in addition to the hyper conjugation, if there is
different functional groups simultaneously present, what will happen? a lot more things we
can talk about chemical shifts. And what happens to the hydrogen bonded molecule? how the
chemical shift changes if there is hydrogen bond? so all those things and there is a lot more
to discuss. But I do not think in this the course like previous course, we can discuss

everything.

It is only the gist I am giving; again and again I am telling you only for the benefit of those
who did not take my earlier course. I wanted to take all of you with me together further, that
is why I gave gist of everything. But today what we discussed is very important thing you
should understand, we discussed about chemical shifts, how the chemical shifts come, what
are the effects of the chemical shifts the references used, we calculated chemical shifts,
converted ppm to frequency. Remember always chemical shifts are expressed in ppm, ppm
means parts per million. We discussed the conversion of ppm to frequency, frequency to ppm

for different resonating frequencies or different magnetic fields. Also we calculated ppm to



frequency conversion for different nuclei in a given magnetic field. Factors which affect the
chemical shifts, that govern the chemical shift; diamagnetic contribution, paramagnetic

contribution, a variety of things we discussed.

We knew the effects of chemical shifts because of steric effects, hyper conjugation effect,
heavy atom substitution, ring current in aromatics, mesomeric effects, varieties of parameters
are responsible. And we took the example of what will happen to the chemical shift with the
electron withdrawing group or electron donating group, when both are present, how the peaks

move to the high field or low field.

What happens if the protons which are situated in the plane of the benzene ring or above or
below the plane, how they are shielded or deshielded. In addition, we discussed about the
bond anisotropy where C double bond C, C single bond C and C triple bond C, aliphatic
groups, how the charge density distribution we express in terms of cone using the McConnell
equation, you can find out how the protons are shielded and deshielded, especially in the

single bond and double bonded structured molecules.

How they are different from the C triple bond C, like acetylenic group. So all those things we
discussed and the anisotropy effect how sometimes we go to very high magnetic field, very
high ppm values go to minus 15 also. Similarly, we go to very low field we can go to up to
50, 60 ppm also in extraordinary cases. But in general the chemical shift for protons are
generally between 0 to 10 ppm; but there are exceptions and when we have functional groups
present, different experts have already given the chemical shift charts. We can look at the
chart and start analysing, where this functional group will come, where this is coming,
looking at the frequency table, one can make a guess this could be the functional group
present in this molecule and start the analysis; but that is only a guideline. So, with these all
information about chemical shifts, the analysis become very simple. We go ahead and analyse
the spectrum later after sometime, may be tomorrow or so, we will see a lot of examples on
proton spectra, hetero nuclei spectra and analyse them.

So, today I am going to stop it. This is all about chemical shifts; we do not discuss further and
the ideas what I given should be sufficient for you to understand and carryout the analysis

later. Thank you.



