el Y PM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

GATE SCIENCE - CHEMISTRY
SAMPLE THEORY

NMR SPECTROSCOPY

e INTRODUCTION
e NMR PHENOMENON
e CHEMICAL SHIFT
e SOLVENT FOR NMR SPECTRUM
e INFLUENCE OF HYDROGEN BONDING
o 22 " e SPIN-SPIN INTERACTIONS
e SOLVED PROBLEMS

VPM CLASSES

For IIT-JAM, INU, GATE, NET, NIMCET and Other Entrance Exams

1-C-8, Sheela Chowdhary Road, Talwandi, Kota (Raj.) Tel No. 0744-2429714

' Web Site www.vpmclasses.com E-mail-vpmclasses@yahoo.com

Toll Free: 1800-2000-092 Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com FREE Online Student Portal: examprep.vpmclasses.com

E-Mail: vpmclasses@yahoo.com /info@vpmclasses.com Page 1




eV PM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

Nuclear Magnetic Resonance Spectroscopy
Introduction

NMR is suitable for studying compounds containing elements with magnetic nuclei and it is
particularly important for determining the structures of species containing hydrogen. The nuclei of

many elemental isotopes have a characteristic spin (1).

mass numbers are invisible in NMR).

Isotopes of particular interest and use to organic chemists are 'H, *°
=1/2.

NMR phenomenon:
1. A spinning charge generates a magnetic field. The resulting. spi e a magnetic moment (M)

proportional to the spin.

2. In the presence of an external magnetic fiel 0 spin states exist, +1/2 and -1/2. The magnetic

moment of the lower energy +1/2 state is ali

-1/2 spin state is opposed to the
B, ! i
4

1 1
+5lora) - Slorf)
Spin Energy States
3. The differenc energy between the two spin states is dependent on the external magnetic field
same e

and is always very small. The following diagram illustrates that the two spin states have the

rgy when the external field is zero, but diverge as the field increases.
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less than 0.1 cal/mole.

For NMR purposes, this small energy difference (
(10° Hz), ranging from 20 to 900 MHz, dependin

nucleus being studied.

For spin 1/2 nuclei t
strength will

frequencies th

is not constant, but

agnets having

extern tic .35 T. The formula shows the direct correlation of frequency (energy
differe moment (h = Planck’s constant = 6.626069¢103* Js).
B,22.35T B, 4684
" hl T h
131 3p 19 14
0 25,2 40.5 94 100
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CHEMICAL SHIFT

The electron(s) surrounding the proton in covalent compounds and ions are responsible for different
NMR spectrum for different compounds. Since electrons are charged particles, they move in
response to the external magnetic field (B,) so as to generate a secondary field that opposes the

much stronger applied field. This secondary field shields the nucleus from the applied field, so B,

must be increased in order to achieve resonance (absorption of RF energy).

The frequency of an NMR transition depends on the local magnetic field ex
and is expressed in terms of the chemical shift, 8, the difference betw

of nuclei in the sample and that of a reference compound:

W V_OVO x 10

\

A common standard for *H, *C or *°Si spectra is Tetramethylsilane Si(CHs),, abbreviated as TMS.

Inductive effec

electron density about a proton nucleus is relatively high, the induced field due to electron
motions will be stronger than if the electron density is relatively low. The shielding effect in such high
electron density cases will therefore be larger, and a higher external field (B,) will be needed for the

RF energy to excite the nuclear spin.
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Shielded Nucleus

Since silicon is less electronegative than carbon, the electron density about the methyl hydrogens in
Tetramethylsilane is expected to be greater than the electron density about the methyl hydrogens in
neopentane (2,2-dimethylpropane), and the characteristic resonance signal from the silane derivative
does indeed lie at a higher magnetic field. Such nuclei are said to be shielded.

Deshielded Nucleus

Elements that are more electronegative than carbon should exert an opposite effect (reduce the

0 such

electron density); and, as the data in the following tables show, m bon

elements display lower field signals (they are deshielded).

The deshielding effect of electron withdrawing groups is, ro to their electro

negativity, as shown by the table. Furthermore, if morée t one such group is present, the

deshielding is additive (table) and proton resonance is shi er downfield.

Proton Chemical Shifts of Methyl Derivatives
Compound | (CH3).C | (CH3)aN | (CH3),0 CHV?1
A 0.9 2.1 32 | 4l \
Compound |(CH3)4Si |(CHz)sP. QIM CH3§

A 00 |09 (|21 —TW
Proton Chemical Shwm)v

Compound ,ﬂ_*_ék‘ k_j, X=0OR X=SR
CH3X \N 31 | 21

CHZXAEN \Q, 4.4 | 3.7
CHx( ‘lKé 68 |49 |50

roto Chem',al Shift Ranges

Id Region
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The & scale is relative to TMS at 6 = 0. (Samples in CDCl;
Solvent for NMR Spectrum

mple will give a weak signal, and doubling or tripling the sample

e signal strength proportionally.

. This is an important relationship when samples incorporating two or more different sets of hydrogen

atoms are examined, since it allows the ratio of hydrogen atoms in each distinct set to be determined.

. To this end it is necessary to measure the relative strength as well as the chemical shift of the

resonance signals that comprise an NMR spectrum.
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Influence of Hydrogen Bonding

Hydrogen bonding shifts the resonance signal of a proton to lower field (higher frequency).

. The chemical shift of the hydroxyl hydrogen of an alcohol varies with concentration. Very dilute
solutions of 2-methyl-2-propanol, (CH3);COH, in carbon tetrachloride solution display a hydroxyl

resonance signal having a relatively high-field chemical shift (< 1.0 8). In conce

signal shifts to a lower field, usually near 2.5 &.

shown).

4,10
H ]
| £
4 ":'_ﬂ:_':x
H O-H 11,4
4,10
TMS
12.5 integration # 24,8
| T | T | T | T | T T T |
1z 10 a a] 4 2 0a&
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12,6
o 2-H
7.73 H Hz773
HziC ZHs
2,37 H 2,37
T.22
N
TME
| AN
5,1 integration # 9.2 4.9 a0.3
T T T T T T T T T - T T T
12 10 a a] 4 = 0a
. Intramolecular hydrogen bonds, especially those de Ymbered ring, generally display a

very low-field proton resonance.

exceptionally downfield. So the
time scale of NMR s roscopy.

16% keto tautomer

at which these tautomers interconvert is slow compared with the

24% enol tautomer

14,5 H
o o o” o vory o o
!f|, !f! (|: ” fazt '!T! (|:
HeC= ™C” ™CH = HaC™ S0 T™CHg =— HaC” ~C7  “CHg
2,74 Hz 224 |l| 2,05 2.05 |l|
260 s.50
2,4-pentanedione
A (neat liquid)
l TS
14.5 | \ ‘
T T T T T T T T " T°
9 8 7 & ppm 5 4 3 2 1 0
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These enols are slow to interconvert, we would expect two methyl resonance signals associated with
each, one from the allylic methyl and one from the methyl ketone. Since only one strong methyl signal
is observed, we conclude that the interconversion of the enols is very fast-so fast that the NMR

experiment detects only a single time-averaged methyl group (50% a-ketone and 50% allyl).

The N-H groups in amines and amides also exhibit hydrogen bonding NMR shifts, although to a

lesser degree. The OH and NH groups can undergo rapid proton exchange with e er; so if two

or more such groups are present in a molecule, the NMR spectrum will show a
average chemical shift.
For example, 2-hydroxy-2-methylpropanoic acid, (CHs),C(OH)CO,H, disp yl signal
at 8 1.5 and a 1/3 weaker and broader OH signal at & 7.3 ppm. N the a
carboxylic acid signal (ca. 12) and the alcohol signal (ca. 2) is 7. i these hydrogens

with heavy water would cause the low field signal to disappear.

Spin-Spin Interactions

The NMR spectrum of 1,1-dichloroethane is mor licate we expect. The 1,2-dichloro-

isomer which displays a single resonance signal fro ucturally equivalent hydrogens, the

bonded to adjacent carbon ato
fractions of a Hz to as much i signated as J (the coupling constant). In the 1,1-

dichloroethane example all the ling congtants are 6.0 Hz.

1

H H
ol
H H
2.73

Q TS
T — T T T T T T 1
[a] 5 4 3 2 1 0a&

1,2-dichloroethane
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2.06

—

1.5
T T

[

3?1 integration #
. T . . . |

s} 2

the different sets of hydrogen that generate the signals diffe

2

1, 1-dichloroethane

The splitting patterns found in various spectra are easily recogni

symmetrically distributed on both sides of the proton che

stronger than the outer lines. These patterns have been

intensity signals), triplet (three signals with an i
signals with intensities of 1:3:3:1). The line separati

is called the coupling constant (J). The magnitude o

o0&

mical shifts of

. The patterns are

, such as doublet (two equal

:2:1) and quartet (a set of four

given in units of Hz, is magnetic field

independent.
N \
] h| I3
J1J e
T O N O
i I
doublet triplet quartet quintet

The splitting patterns wn abony the ideal or "First-Order" arrangement of lines. This is

usually observed if th -coupled nuclei have very different chemical shifts (i.e. Av is large
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. E=2.09
o
HaC—C,
B 0—CHz-CHg
r
Jpc = 7.2Hz
A=1.26
= 4.11
— T T T T T .
7 6 5 4 3
=3.75
| |T| |
Cl—C—¢—C—Cl
H
&
Jap=6.2Hz
A =220
TME
120 He,
L
234 i1.>
T T 1 " 1 " T T T T T ]
7 6 5 4 3 o 1 0 &ppm

If an atom under examination is influenced by a nearby nuclear spin (or set of spins), the observed
nucleus responds to such influences, and its response is manifested in its resonance signal. This

spin-coupling is transmitted through the connecting bonds, and it functions in both directions. Thus,

Toll Free: 1800-2000-092

Mobile: 9001297111, 9829619614, 9001894073, 9829567114
Website: www.vpmclasses.com

FREE Online Student Portal: examprep.vpmclasses.com
E-Mail: vypmclasses@yahoo.com /info@vpmclasses.com

Page 11




eV VPM CLASSES

UGC NET, GATE, CSIR NET, IIT-JAM, IBPS, CSAT/IAS, SLET, CTET, TIFR, NIMCET, JEST, JNU, ISM etc.

when the perturbing nucleus becomes the observed nucleus, it also exhibits signal splitting with the
same J. For spin-coupling to be observed, the sets of interacting nuclei must be bonded in relatively
close proximity (e.g. vicinal and geminal locations), or be oriented in certain optimal and rigid
configurations. A number before the symbol J is placed to designate the number of bonds linking the

coupled nuclei. Using this terminology, a vicinal coupling constant is *J and a geminal constant is 2J.
General rules and characteristics for spin 1/2 nuclei:

1) Nuclei having the same chemical shift (called isochronous) do not exhibit may

actually be spin-coupled, but the splitting cannot be observed directly.

2) Nuclei separated by three or fewer bonds (e.g. vicinal and gemi

configurations of atoms.

3) The magnitude of the observed spin-splitting depends on and is given by the coupling

constant J (units of Hz). J is the same for bo in-splitting interaction and is

independent of the external magnetic field strength.

4) The splitting pattern of a given nucleus

A~

[
Mo Coupl ed C—(li—C—H
Hydrogens
Iy A Einglet
J
H
One Coupled C—(li—C—H
Hydragen C A Doublet
H Jl 7
Two Coupled H—(li—C—H I I
Hydrogens I A Tripla:
[
H I
Three Coupled | J J
Hydrogens H—¢—C-H A Quartet
H
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douole: 1 1
triplet 1 el 1
guartet 1 3 3 1

If a given nucleus is spin-coupled to two or more sets of neighbo
n+1 rule does not predict the entire splitting pattern. Inste

that expected from the other J sets. Bear in mind that th

& 520 15 & 1

Pascal's Triangle
di

one J set is added to

ent J values, the
splitting due

s coincidence of some

lines if a smaller J is a factor of a larger J.

C H
Mo Coupled \C:C“f
Hydrogens *,
C Z
C H
One Coupled \C:Cf
Hydrogen N,
Ha, [
He; H
Twio Coupled C:Cf
Hydrogens N,
Ha, [
Hg H
Thres Coupled C:Cf'
Hydrogens ,f"
Hi C-He

.

AW
A Singlet
Ja,
[ . o B Doublet
I i
A S
A ~,
v JB S v J.B kl
o F—Tn
I A Doublet
! 1. ' ! T, ! of Doublets
e e
L o L L
AR A AT A
FIEL FIEL e
LY of Doublet
of Doublets

Spin 1/2 nuclei include 'H, *C, °F & *'P. The spin-coupling interactions described above may occur

between similar or dissimilar nuclei. If, for example, a *°F is spin-coupled to a ‘H, both nuclei will

appear as doublets having the same J constant. Spin coupling with nuclei having spin other than 1/2

is more complex.
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Solved problems

1 How many signals in NMR spectra will be obtained from the following compounds respectively?
CH,
o |
CHy—C—O—CH, CHy—Si—CH,
[
1. CH, 2. CH,
CH;@—OCH; c1—©-NH2
3. 4.
(A)2,1,4,3
B)3,3,3,3
(©1,1,3,4
(D)2,1,3,4
Sol. (A) Signals
C|)H3<a)
CH,-C-0-CH,
(a) | (b)
CH, )
(@) signal
(.|7H3(a)
CH, - Si—CH,
(a) | (a)
CH, )
(@) 1 signal
b
d
aH,C CH,

4 signal

3 signal

2. The spectrum of a compound with molecular formula C,H¢O was obtained. Under low
r three signals with relative intensities of 1 : 2 : 3 were recorded. Under high resolution, the
high field signal split into three lines of relative intensities 1: 2 : 1, medium field signal into four lines of

intensities in the ratio of 1:3:3: 1. What is the structural formula?
(A) CH;CH,OH

(B) CH;OCHs
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(C) Both will have the same spectrum
(D) CH;CHO

Sol. (A) The structural formula is

t q S

High resolution CH; - CH, - OH
at low resolution High field Medium field

1:2:3 1:2:1 1:3:3:1

3. How many signals in NMR spectra will be obtained from the followin mpounds respectively —
CH, —
0] CH3 - CH2 - Br (i)
H\ /H H\
/C - C\ /C TN

iy ~ CH: CH, i H

b a
CH, —CH, —Br

(iv)
(A)2,3,2,1
B)1,2,3,1
(©)2,3,2,2
(D)3,2,4,1 :
Sol.(C) Signals

a b a
CH, — C|)H — CH,

4, Which one of the following compounds will show more than two signals in it's ITHNMR spectrum?
(A) CHz — CH, — Br
(B) CHBr; — CH,Br
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(C) CHz; —CHO
(D) CH3; — CH, — OH
Sol.(D) Compounds Signals
CH,—CH,—Br
@ () 2

Br—CH—?H—Br
Br Br 1

Cm—ﬁ—H
o) 2
(c) (b) (a)
CH,— CH,— OH 3 < E
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