


1H, 13C, 14N, 10B, 11B, & These nuclei 2 \
absorb electromagnetic radiation in the Radiofrequ

( R.F.) range. _,//
ik

When certain Nuclei are placed in a strong magne@\\w/ \

The absorption of energy can be detected, amplified/ and

recorded as NMR signal. This phenomenon is known as NMR
spectroscopy.
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Eneli%y Levels for Spin Active Nucleus
T4, 3¢ 19 sSpin Number I = %

Y = Gyro magnetic ratio of spin active nucleus

U = Radio frequency of electromagnetic
radiation p = Magnetic moment

H, = Applied Field

h =Planck’s Constant .
X i B State Higher energy Level
R AE=-"Y h/2mH,
2 = 2dHo=hU

No applied Field | O State Lower Energy Level
AE=+" Y h/i2TH,

‘.LJ =2pHo=h U

Applied Field



Energy Levels for Spin Active Nucleus

2Y, 'Li & 19N Spin Number |1 =1

Y = Gyro magnetic ratio of spin

active nucleus J. =m h/2=n
H, = Applied Field Z |
h = Planck’s Constant _
J, = Z component AE =y J, Hp=YM, h/ZTE_IO
’ lll B State Higher energy Level
//
7/
(l— - Ground State Energy Level
N
\
N\

No applied Field O State Lower Energy Level

7/
/7
L4
——
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Applied Field



Radio Frequency spectrum

3.10% 3.108 3.1010 3.1012

Spin + 1/2 8

I10

h




Hg = Magnetic Field

h = Planck’s constant




For 1H 130 19F 15N &
applied magnetic field spins are aligned parallel
( in line with applied field ) and anti parallel ( opposite

The energy difference A E between allowed spin s . ‘
linearly with applied field ( Hg ) strength.

TH @ 7.05 T the energy difference = 0.120 J/mol = 0.
Which corresponds to electromagnetic radiation of 300 Hz
( 300 000 000 Hz = 300 x 10° Hz).

or 13¢ = 0.030 J / mol = 0.00715 Cal / mol corresponds to RF of 78 MHz.

q s

nuclei only two orientations &
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1 IN= A\ =

141 T Hq Tesla

AE =0.0239 J / mol



Nuclei precess at frequency W when placed in a strong magnetic field.

If v = w then energy will be absorbed and flipping of the spin will occu
This process will give rise to NMR signal.

Axis of Nuclear Spin ; Spin +1/2

Applied Field =————p HO

Axis of Precession —p &
|

Orbit of Precession=——p

/

Absorption of energy
causes flipping

Of Nuclear Spin from
+1/2 to -1/2

Radio Frequency ( hv)
100 to 600 MHz



How NMR Signals are generated

In Ethyl benzene different types of TH preces

if
frequency at constant magnetic field Hg f‘//ﬁ

Radio frequency ( R F ) 250 MHz correspondéence
to 5.88 Tesla Field

L 4
L 4
*
*
*
.0
0

CgHg precess @ 249 998222 MHz (1778 Hz )

CH5 precess @ 249.3999368 MHz ( 632 Hz)
.
CHj precess @ 249. 999721 MHz ( 279 Hz)

The difference is very small in the parts per million range.
C6H5 1778/ 250 =7.11 PPM
CH2 632/ 250 = 2.53 PPM

CH3 279 | 250 = 1.12 PPM




W,
Z

Radio Frequency Pulsed NMR

»
)
;

A\l

)

X

vi v2 v3
0’ 0’ 0’ ‘

Broad Band ===—=—==p CcHs-CH5-CH3
RF Pulse

Contains Range of

i 1
Frequencies v1, v2, v3 All kinds of H are excited

simultaneously with the single
broad band RF pulse.
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Composite FID
in Time Domain
vi,v2 & v3

When these FID are Fourier
Transformed ( FT ) gives normal

N IV B




NMR SIGNAL STRENGTH

The strength of the NMR Signal depends on the Populatic
Parallel and Anti Parallel two spin states.

Applied Magnetic field induces both upward and downward transitions.
For NMR Signal there must be an excess of spins in the lower energy level.
Equal Populations = Saturation = No NMR Signal

-
Conditions for the detection of NMR Signal

Spin - 1/2 1 1 1

Higher Energy Level
A

Resonance Release Energy

Ho Absorb Energy

PE1111 cxcese popuato

Lower Energy Level

Spin + 1/2




Condition for NMR Signals

1. All the nuclei with odd mass number.
1, 11 13¢, 19€, 29gj & 31p (I = Half Integer )
-
e 2. All the nuclei with even mass number
. and odd number of protons & neutrons.
2y, 198, & 19N (1 = whole integer )

3. Those nuclei which have a non zero
. magnetic moment (u) and spin angular moment (1)
produce NMR signals.



Typical conditions which satisfy the relationship be

radiofrequencies for different nuclei at fixed ma

strength are given in the below table.

Nucleus

T4
2,
10g

13,
14y,
15y
19,

31p
124
169

Spin No.

1/2

=N

1/2

1/2
1/2

1/2
0 (zero)
0 (zero)

99.98

0.0115

19.00

1.10
99.60

0.40
100.00

100.00
98.80
99.80

Frequency

100.00

15.35
10.74

25.14

7.22
10.13
94.05

40.45

Field HO

Tesla

2.348
2.348
2.348

2.348
2.348
2.348
2.348

2.348

NO NMR SIGNAL
NO NMR SIGNAL




No. of Peaks Terminology
n=0 One Peak Singlet
n=1 Two Peaks Doublet

n=2 Three Peaks Triplet

n=4 Five Peaks Quintet
n=5 Six Peaks Sextet 1510 10 5 1

-
n=7 Eight Peaks Octet 172135352171

/

The relative intensities of multiplet are given by the coefficients of

the binomial expansion.
In mathematics, the binomial theorem is an important formula giving the expansion of
powers of sums. Its simplest version says

whenever nis anynn-negative integer, the number is the binomial coefficient

Read the intensity ratio directly from Pascal Triangle.



Pascal Triangle and
Binomial Coefficient

No. Of Peaks = 2nl +1 Where n = spin active nuclei , | = Spin Number T g 1=
(X+Y)° = 00X +0Y (2n+1=2x0X"% +1=1) 1

(X+Y)' = 1X +1Y 1 1

(X +Y)2= X2+ XY+ Y2

(X+Y)3 = 1x3 + 3X2Y + 3XY2 + 1Y3

(X+Y)* = 1X% + 2X3Y + 6X2Y2 + 4XY3 + 1Y4



No. of Peaks Terminology
n=0 One Peak Singlet

n=1 Three Peaks Triplet

n=2 Five Peaks Quintet 12321
n=3 Seven Peaks Septet 1367631

.-
n=4 Nine Peaks Nonet 14 10 17 25 17 10 4 1

Pascal ’ s Triangle 1 =1

I=1 Deuterium 2H (D ),14N/

13C NMR of CDCI3

p 13

I=1 "H to "“C

Intensity ratio1:1:1

Read the intensity ratio directly from Pascal Triangle.



* The most common Deuterated solve{tg%

\

N

Deuterochloroform CDCls -
Deuteroacetone CD3CO z\
Deuterobenzene CeDg ”

Deuterated water D,O
Deuterodimethysulphoxide CD;SOCD,

U S A\

Note :- The hydrogen atoms are replaced
with deuterium so that no signal from solvent
and also used for locking the oscillating field
by the lock frequency.



Referencing of NMR Spectra

The reference compound should have only one ak
the interested compound.

It should also be :-

e 1. Chemically Stable.
o 2. Chemically Inert.
e 3. Soluble in most common solvents.
-
NMR OF Reference Compounds
4 ™S ( TetraMethylSilane)
TSP-D4 ( 3-TrimethySilyl-2,2,3,3-tetra

DeuteroPropionic acid Sodium salt. )

14y NH4NO3  Acidified Saturated Solution
155 NH,CHO  90% Formamide

CD3N02 Deuteronitromethane
19¢ TFA TriFluoroAcetic Acid

CFCi3 Freon 1,1

31p H2PO4 85% Phosphoric Acid



Relaxation Processes T1 & T2

T1 is called Longitudinal Relaxation Time
T2 is called Transverse Relaxation Time

T1 is the Re-establishment of the equilibrium of
a (Alpha)And B (beta) States.
T2 is the dephasing of the transverse component

The destruction of the coherent state and it is the
exponential decay of the NMR signal in the detector.
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T1 relaxation is an enthalpic process where the energy|is taken fron
or transferred to neighbouring spins. The surrounding of the spins i
called lattice hence T1 is also known as spin lattice relaxation. In this
process the Z - Component of the magnetization is return back to its
equilibrium state. T1 values are useful information for NMR experiment
what to set up as repetition time between each NMR scan. For 1H T1
values are from 0.5 Seconds to few seconds.

Relaxation Processes T1 & T2

R

T2 relaxation is an entropic process and does not affect the population
of spins hence there is no change in the energy. T2 is also known as
spin spin relaxation. In this process the decay of the transverse (x, Y
) components of the magnetization is described.



T1 Relaxation

* T1 relaxation is an enthalpic process where the/e
from or transferred to neighbouring spins. The surrot
the spins is called lattice hence T1 is also kno
relaxation. In this process the Z - Component of 't}
magnetization is return back to its equilibrium state. T1 'value
are useful information for NMR experiment what to set up as
repetition time between each NMR scan. For 1H T1 values are
from 0.5 Seconds to few seconds.

Return of the Z component of the magnetization to the equilibrium state



T4 the Boltzmann population of spins get re-
established. This time delay T4 is called the spin
lattice or longitudinal relaxation time T4

knowledge of the 90° pulse time or pulse‘ndth gPW )

for any spin active nucleus ('H,

is required to set up all multipulses FT NMR
experiments. An accurate value of 90° PW is crucial
for T4 value measurement. This is usually obtained
using a concentrated sample to produce a strong
signal after a single pulse. Record the signal
intensity with various PW. All measurements must be
made with the same intensity scaling and same
phase corrections. The intensities should show a
sinusoidal variation with pulse width PW

It is easier to determine the position of null values at
180° and 360° PW The half of 180° or quarter of 360°
values will be 90° PW
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Measurement of 90° & 180° Pulse width (PW) /i
3Cc NMR Spectrum of Benzene in Acetone =

360° = 76 microseconds

90° =19 microseconds

270° = a maximum negative signal

= 57 microseconds

P ~—_p As A\
- o~ e - ’
v . -
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T1 Measurement using Inversion recovery met M{/

TH Spectrum of Ethyl Benzene

TH NMR Spectrum of Ethyl Benzene

Delay = 32 .00 Sec .,

Delay = 8 .00 Sec -,
Delay = 4.00 Sec .

Delay = 1. 00 Sec .,

.0. ‘o. ‘0.
_ . . |
Delay = 0. 25 Sec -
. * - -
- 3 ‘. *
. |
. .00 Sec . :
N | R S L - — - -1t
A1 T RO ll_ﬂ_ _,,,__!___“i__—

*, *,
S—— Lo — . — SO SEEVER ’ ot |
N [ BN . . K
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T2 Relaxation

e T2 relaxation is an entropic process and does not aff¢
population of spins hence there is nho change in the/e
also known as spin spin relaxation. In this process/thée




T2 Relaxation

Trajectory of the magnetization X,Y,Z,



Signal to noise ratio test S / N on methylene N %}

‘ IMTmm

bon N\ A
Al A LA ,'\/‘ f
PWA VA aad B | \/ WV
| |
| |

Methylene

Signal Height

S

30 Hz

H

Average Noise N=N/2
N=11/2.5
N=4.4mm
S =187 mm
S/N=187 /4.4
=42.50

Before the sensitivity test
tune the Spectrometer with
D,0 sample.



Analysis and interpretation of TH & 13Cc NMR Spactrz

of Methanal or Methanol
THNMRof  CH5-OH

10 = 1H

3.38 PPM

OH

OH
3.05 PPM




13¢c NMR Spectrum of Methanal

CH;OH

48.40 PPM

OH gives no NMR

Signal , no Carbon




Analysis and interpretation of TH & 13c NMR S

of Ethanal or Ethanol CH3--CH2--OH
TH NMR Spectrum

13 = 1H CH3 OH

CH3 3.57 PPM

0.96 PPM " OH
’ 3.55 PPM

0‘.
.



Expansion of TH NMR of Ethanal

CH3;—CH,—-OH

CH4 OH

CHj

CH4

OH = 0-43 Hz

OH coupling is visible
because of purity of
Ethanal sample.

= 7.04 Hz



13¢c NMR Spectrum of Ethanal
CH3—CH,»--OH

CH3
16.57 PPM

55.99 PPM




13¢ Dept 135 NMR Spectrum of Etha >




Analysis and interpretation of Th & 13¢ NM.

of Propan-2-al
CH;—CHOH—CH4

TH NMR Spectrum

CH3-CHOH-CH4

7=1H
Both CH4
CH 1.13 PPM
3.94 PPM { Doublet
Septet OH J =6.14 Hz

J =6.14 Hz 2.51 PPM



CH
3.94 PPM
Septet
J =6.14 Hz

CH5-CHOH-CH4

OH
2.51 PPM
Broad complex

Both CH4
1.13 PPM
Doublet

J =6.14 Hz



13¢c NMR Spectrum of Propan-2-al

CH3-CHOH-CH4

CH
62.53 PPM

Both CH4

Groups are
Equivalent

24.04 PPM



13¢ Dept 135 NMR Spectrum of Propan-2-al

CH3-CHOH-CH4

Both CH4
+ Ve Peak

CH
+ Ve Peak



Of Butan-2-al

Integration

CH3 Doublet J =6.16 Hz

CH Complex J =6.16 HZ

OH Singlet



Of Butan-2-al

CH CH3




Facts about Carbon Atom

. Carbon 12¢C is in most abundance 98.89 %
e Carbon 126 is non NMR active as spin number 1 =0

e Carbon 130 is in less abundance 1.108 %

e Carbon 130 is NMR active as spin number |l = %%

® 13C NMR signal is 6000 times weaker than TH NMR signal -
¢ To see 13C NMR signals Pulsed FT NMR is required

e Chemical Shift Range
°* TH 0 to 12.00 PPM
e 13¢ 0 to 220.00 PPM
e Resonance Frequency and Applied Field Strength

. Applied Field T4 RF T3¢

«  1.41 Tesla 60.00 MHz 15.10 MHz
. 235T 100.00 MHz 25.00 MHz
- 588T 250.00 MHz 62.90 MHz

o 7.05T 300.00 MHz 75.00 MHz
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13¢_13¢ is not seen because the probabil M
/

nuclei being in the same molecule is very'siy

Spin Spin Coupling In 13¢c NMR Spectroscao

—
—

S

TH splitting is not seen in normal 13¢c NMR Spectra
because they are measured under broad band decoupling
conditions which suppress these splitting.

13¢__

Normally 13C NMR signal is_a singlet but if 13C is attache
to a spin active nuclei like “H ( D ),19F, 31P then coupling
are present from these ngclei. CDClI4 so1l\éent ives triplet
in NMR spectrum due to “H coupling to “C.(“H,1=1)

13¢c NMR
- - . . CDCI
Distortion less Enhancement of Polarization Transfer 3

DEPT is useful technique to differentiate how many TH
attached to 3C atom.

DEPT 135 gives CH3 & CH

as positive signals

CHoy as negative signal
C ( Quaternary) as null signal



=

x
A
s >

=~

at

\

)

)

Broad Band TH Decoupled 13¢c NMR Spec y;r} \

7%=
&

In this method all the 1H are irradiated at cerfain F
the same time 13C signals are measured at differen

N

\
\

N

Secondary RF

source is required ) ® ;

To decouple 14 Primary RF source is
1 13 tuned to measure

( Decoupler ) —p "H )--- C <« 13¢c NMR signals

Continuously Which gives 13¢C FID

Saturates 1 H

Saturation means there are rapid and equal
transitions from upward spin state to the downward
spin state. No NMR signal from TH hence 13c NMR
signals are all singlet.



13¢c NMR Spectra of Butan-2-ol

CH3;—CHOH—

135 DEPT 13C NMR

..... D = Doublet
e .......... T = Triplet
g e ........ Q = Quartet

.
S e | 1
. ...
..

PrTrSTS—— wmmmammm%ﬁa;wmﬁ‘z’m‘;%

‘ .‘



TH coupling to 13C in 13C NMR Spectra /\TN/ \

Z

No. of peaks = 2nl + 1
n is No of spin active nuclei ( TH ) [ Neighb
|l is Spin number of the active nucleus ( TH

H H H
-
—C—H —C— —C— —C—
H H
Methyl 13¢ Methylene 13¢ Quaternary 13¢

Quartet Doublet Singlet




13¢c NMR spectrum Most of the 13C NMR spec
recorded as TH decoupled hence CH/CH5/CH7"¢

sharp singlet.
13¢c NMR spectrum of Butan-2-al
-CHOH—CH,—CHg4

OH does not give 13C
signal as there is no 3C
nucleus attach.




13¢ Dept 135 NMR spectrum of Butan-2-al
—CHOH—CH5;—CHg4

In 135 Dept NMR Spectrum

CH5 gives -ve signal




Analysis of T4 and 13C NMR Spectra Butan-2-al

CH4-CH5-CHOH-

CH4 Ha CH, (o], | CH
0.91 PPM |1.16 1.45 1.71 3.70 D= Doublet
Triplet Doublet D of Q Singlet |TofQ T= Triplet
J=7.45 Hz | J=6.16 Hz | Complex Complex Q= Quartet
CH3 C CH, (o], | CH

13¢c NMR
9.03 PPM |21.63 30.96 No 67.88

Signal




Analysis and interpretation of TH NMR Spe(.:tr x\ =

—
]

of n-Butanal CH3-CH,-CH5-CH,OH 7 > N
4 3 2 1 / ) |

1H =12

CH, 1.33PPM Tof Q



Analysis and interpretation of TH NMR Spect{un:\n\“\(/
\‘\\ ﬁ’

of n-Butanal CH3- -CH5,-CH,OH
4 3 2 1

J=7.26 Hz




13¢c NMR Spectrum of n-Butanal

CH3-CH5-CH,-CH,OH
4 3 2 1

12.77 PPM

3 C 18.09 PPM

33.83 PPM

60.80 PPM

OH

Linearity of 1?’C
chemical shift as
carbon chain length
increases.




13¢ Dept 135 NMR Spectrum of n-Butanal s

CH3-CH5-CH,-CH,OH
43 2 1

+ VE Peak

-- VE Peak

CH,



Analysis and interpretation of THa13¢cN
of Propan-2-one or Acetone

TH NMR Spectrum CH3;—CO—CHg4

CH3-CO-CH3

Both CH4

Cannot be Are equivalent

done as
there is 2.07 PPM

only one
peak.




13¢ NMR Spectrum of Propan-2one ( Acetone%) —
fi

CH3—CO—CH4

CH3-CO-CH;

Both CH3

CcCO 29.21 PPM
204.50 PPM

CDCI5




TH Chemical Shift in PPM

RCCOnsH RCHO

<€ > Higher Field



TH Chemical Shift in more details

TH Chemical Shift Range Table

R-N-C-H
R-SCG-H
I-G-H
BrC-H
CFG-H
RO-G-H

HO-C-H

R-C-O-C-H
O,N-C-H 4.1-4.3 R-
F-C-H 4.2 - 4.5 11.0 -12.0

R-MN-H 0.5-4.0 ArN-H 2.0-5.0 R-S-H
ROH 0.5-5.0 ArO-H 4.0-7.0 1.0-4.0




13¢ chemical Shift in PPM

In FT NMR Spectroscopy, the intensities of the signga
hence peak heights and areas under the peak can/be¢

* RCHq4 0.0 to 35 PPM
* R2CH9 15 to 40 PPM
e R3CH 25 to 50 PPM
° R4C 10) to 40 PPM e
e RC= CR 65 to 90 PPM
e R2C = CR2 100 to 150 PPM
* CgHg (Aromatic) 110 to 175 PPM
e R-CO-OR 160 to 185 PPM
e R-CO-R 190 to 220 PPM
* RCH5Br 20 to 40 PPM
* RCH5CI 25 to 50 PPM
* R HsNH5 35 to 50 PPM
* RCH5oOH 50 to 65 PPM
* RCH5O0R 50 to 65 PPM




13¢ chemical Shift in PPM

13¢ Chemical Shift Range Table

|mcH?H'
Saturated and RaCH{ Hdg

Attached to

Electronegative l (P

atom
C-Cl

C-Br

SP
Bonded

100-150

Unsaturated
& Aromatic @} 110-175

Amides, & Anhydrides 1556-185
1858 - 220

& Ketones




Analysis and interpretation of TH& 13¢c N

Of 1,1-Dichloroethane CH3—CHCIo
2 1

CH3
2.06 PPM

CH
5.90 PPM

J = 6.07 Hz

‘J J =6.07 Hz
M




CH3—CHCly

CH
3 “>
Doublet

J=6.07 Hz




13¢ NMR OF 1,1-Dichloroethane
CH3;—CHCl,

CH 30.99 PPM

66.77 PPM

Impurity




Factors affecting Chemical Shifts Shielding and Deshielding effects
1. The electro negativity of the atoms within the molecule;

y The hybridization of the adjacent atoms.

3. The diamagnetic effects from adjacent Pi bonds.

CH3—X Electro PPM

negativity

of X
CH3—F 4 .00 4 .26
CH3—OH 3.50 3 .57
CH3—ClI 3.10 3 .05
CH3—Br 2 .80 2 .68
CHa3—I 2 .50 2 .16
(CH3)4—C 2.10 0 .86
(CH3)gq—Si 1.80 0 .00

1

Type of H Name
RCHg Alkyl
RC=CH Acetylenic

RoC=CHo Vinylic

Type of 1H Hybridizati

R = Alkyl
R-CH3 , Ro-CHg Alkyl 0.80 To 1.70
-
R3-CH
R9C=C(R)CHRo Allylic 1.60 To 2.60
RC=CH Acetylenic 2.00 To 3.00
RoC=CHR Vinynlic 4 .60 To 5.70
R2c=CH2
RCHO Aldehydic 9.50 To 10 .10
PPM Bonding ( Diamagnetic effects )
0.8 To 1.0 SP3
2.0 To 3.0 SP
4.6 To5.7 SP2
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Anisotropic Field in an Alkenes ( sp2 );’,; ii“‘\‘\

* Anisotropic Field Effect
Deshielded 'H Shift

To Lower Field
Away From TMS

-
Field add
A"
| :
|
|
|
A - . Secondary
§ RS » 1 i . Magnetic Field
| O H H o -
. : c »i 1 " Lines Induce
- - . H H H o - -
LR i Anisotropic Field
: FERWAN ¥ o P
] we Y . g § .:
|
|
|
|
HO
Applied

Field



Factors affecting Chemical Shifts
Shielding and Deshielding effects

1. The electro negativity of the atoms within

2. The hybridization of the adjacent atoms.

ﬂ':f ITEE gl EETE;;I Typeof Hydrogen  Nameof — Chemical

(R = alkyD) Hydrogen  Shift(5)

Chemiral

Hybridization

FCH, L1y U o3
= Acetlenc 20-3) B3
RC=CH,  Vinglie 44 -5

RCHy, RyCHy, RyCH  Alkyl

Ry C=CIR)CHR, Allylic
RC=(H Acetylenic
RC=CHR RyC=CH, Vinylic
RCHO Aldehydic

&

Cl—C-—H Chlorine takes the valence electro density away from
5 l Carbon which in turn takes more density from adjacent
Hydrogen atoms causes Deshielding.

ek ment




Anisotropic Field in an Alkenes ( )

Anisotropic Field Effect

Fields Add

|

Ho
Applied Field




Anisotropic Field in an Alkynes ( SP )

* Anisotropic Field Effect

Shielded 'H Shift
To Higher Field

Towards TMS
Field ".‘ o

Subtract

peren SO
P e, -t e,
e, o, |
o" * %
o "
3
3
g
s
s
s
.
; ¥ 5
A N ‘.('n.
K L]
H - H e,
H : oot e
H : 3 : : o
H H : .
H H : .
: H .
0 u - *
A G v R
:
: .
. o*
H .
:

o o
. .
------

*
g
. .
--------

:IIIIIIIIIIIIIIIII>

()

Applied
Field \/

Secondary
Magnetic Field
Lines Induce
Anisotropic Field

R (. Field Subtract



Anisotropic Field in an Alkynes ( SP )

* Anisotropic Field Effect

Hp
Applied Field

Fields
Subtract
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Analysis and mterpretatlon of TH & 13¢c NM R“Spe f‘;t\
of Benzene CeHe TH NMR Spectrum /)> N
A
| |
s
7.51 PPM AR .

indicates that all are Ildentical.



128 .81 PPM

Indicates that all carbons are identical.



Magnetic Induction of the pi electrons in Arom@%{/

o Effect on Chemical Shift

Induced
circulation of pi
electrons in the
aromatic ring

Applied Field

TN

N\

Circulating'pi
electrons
generate
secondary field
lines which
reinforces the
applied field

( Adding Effect )



Anisotropic field effect of Various Bonds

Deshieled 'H Shift to Lower Field ( Away from TMS )

Aromatic
Double Bond

t

Triple Bond

o
e,

Inside the‘cone = Deshielded

For triple bond this is reverse



Analysis and interpretation of THa13¢cN

of Methyl Benzene or Toluene

TH NMR Spectrum CgHs—CH3

13 =1H

CeHs 6
7.39 PPM

B 2.51 PPM




C(2,6)

CgH5—CH3

125.31 PPM
128.18 PPM
128.98 PPM
137.64 PPM

C (2,6)

21.52 PPM
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S —
of Cumene ( Isopropyl Benzene ) S

TH NMR CgH5—CH( CH3 ) ) &

Analysis and interpretation of TH & 13¢c NMR Spéir\ax
&N

1H=5
Doublet
1.32 PPM
cC6H5 CH
omplex Sentet
7.30 PPM epte

2.97 PPM




Expansion of TH NMR of Cumene ( Isopropyl Benz

CgH5—CH( CH3 )5

CH CeHs

Septet Complex

Doublet




13¢c NMR Spectrum of Cumene R

CgHs—CH(CH3),

CH(CH3),

Benzene

Cc4 126.00 PPM

C 3 & 5 126.55 PPM

128.53 PPM
148.79 PPM

Note :- C with H Gives taller
Peak ( Relaxation T4 )

Height of the peak is very
important for assigning the
chemical shifts

C4d4dhas1H

120 to

]

Both CH3
24.25 PPM

CH
34.45 PPM



2H(3,5)

1H (4)
4 »

. |

« Y

[ | “
3.85 PPM
C6H5 6.93 to 7.37 PPM
; 3,5 = Meta Position Expansion of Aromatic region

d
W ,t 4 = Para Position




[\

\\
Shielding Effects on TH Ortho and Para Posmib

Mono Substitution of Benzene. %\

 Ortho and Para positions are shielded by mono 1
substitution of electronegative group in benzene.

e X =O0H, OR, NHy, NRy, 0-CO-CH3 Groups -
TH attached to Positions 2 » 4 and 6 are affected.
e Shift towards to TMS ( To Right or Higher Field )




13¢c NMR Spectrum of Anisole
( Methoxy Benzene) CgH;—OCH]

C(2,6) 113.77 PPM
C4 120.43 PPM

\ 129.29 PPM

\
\\z C (2,6)

\/ 54.51 PPM

C4

C-1
159.82 PPM




Analysis and interpretation of THg13¢cN
of Acetophenone CgH5—CO—CH4

1H=6

1H (4)

No signal from CO but Ortho and Para positions are shielded
Hence 2, 4, & 6 TH shift to higher field ( Towards TMS )



13¢c NMR Spectrum of Acetophenone

CgH5—CO—CH3

196.41 PPM

CcC—4
C--1

c4 |

CcC1

127.37 PPM
127.67 PPM
132.06 PPM
136.26 PPM

25.43 PPM



Analysis and interpretation of Th & 13¢ NMR-

of Benzoylchloride CgH5—COCI
TH NMR Spectrum

integration 41 = 1H

1H (4) COCK

No signal from COCI group but Ortho and Para positions are shielded

;;f ' Hence 2,4, & 6 1H shift to higher field ( Towards TMS )



13¢c NMR Spectrum of Benzoylchloride

CgH5--COCI

128.18 PPM
ca i 130.47 PPM
c1 132.42 PPM
Cc4 134.92 PPM

co l .
167.45 PPM Y \/l
| [k 4



./—\

Analysis and interpretation of TH & 13c NM
of Benzaldehyde CgH5—CHO

TH NMR Spectrum

17 = 1H

1H (4)

CHO
10.00
PPM

Expansion of aromatic region
2,4 & 6 TH are shielded and

. '{‘f 1 TH of CHO group deshielded more
hence shifted to very low field



13¢c NMR Spectrum of Benzaldehyde

CgHs5-—-CHO

\¢
128.23 PPM
128.86 PPM
Cc4 133.60 PPM
c1 135.76 PPM
co ca
191.60 PPM " HO
c1 s

e



1 13 N
Analysis and interpretation of 'H & "“C NMR

of 1,2-Dimethylbenzene ( O-Xylene)

CgH4-(CH3)>,  TH NMR Spectrum

1H=3.4

L

C6H4
Aromatic

7.20 PPM | Expansion of
aromatic



( O-Xylene)

i =
C NMR Spectrum of 1,2-Dimethylbenzene — \ 7

General Rule :-
Carbons without H
Give smaller peak
e.g. C1 & C2

Carbon with more 1H
relaxes faster than
less 1H

129.98
PPM

c(1,2)
136.52
PPM

C (4 ,5)
126.25
PPM

5 v 19.86

PPM

C4 & C5 are equivalent ( Identical )

C1 & C2 are equivalent (ldentical )

Both CH3 are identical hence only

One peak.



1 13 N
Analysis and interpretation of '"H & "“C NMR

of 1,3-Dimethylbenzene ( m-Xylene)

CgH4-(CH3)>,  TH NMR Spectrum

N 2.41 PPM

Expansion of aromatic




2

ﬁ

13¢ NMR Spectrum of 1,3-Dimethylben:

( m-Xylene) / / )\;\

1
C1&C3 H\/@

C2 &
C1&C3
126.50. PPM
21.52 PPM
Cc2 128.49 PPM
L 130.24 PPM

PR S 1 — C1 & C3 137.77 PPM



1 13 N
Analysis and interpretation of '"H & "“C NMR

of 1,3-Dimethylbenzene ( p-Xylene)

CgH4-(CH3)>,  TH NMR Spectrum

2.49 PPM

All Aromatic
14 7.25 PPM



\\N

SN

1H NMR Patter of Para Disubstituted Benzene- \\ ,
.

When two groups X & Y become more simila% the
All NMR Peaks move closer hence

same groups



TH NMR Spectra of 4-Methyl Aniline and p-Xy 3
only 8.5 to 4.5 PPM Region shown

H(2,3,5,6)

Aromatic Expansion




13¢c NMR Spectrum of 1,4-Dimethylbenzene —

( p-Xylene) ! )\%\ N

./—\
=\
e A

\
5\\/' 3
129.27 PPM 4

C1&C4 .

134.73 PPM( identical )
21.10 PPM



O, M, & P- Xylene 13¢ NMR Spectra

p-Xylene




Analysis and interpretation of TH & 13¢c NMR Sp Fa

of 1,3,5-Trichlorobenzene ﬁ =

CgH3Cl;  TH NMR spectrum

7.22 PPM k
=




13¢c NMR Spectrum 1,3,5-Trichlorobenzene

CgH3Cl5

126.59 PPM

C1,C3, & C5 7~ AN

135.02 PPM  *.



Analysis and interpretation of TH & 13¢ NMR
of 1,2,3-Trichlorobenzene -,

CgH3Cl;  TH NMR spectrum

1H = 61
, H4, & H6
7.32 PPM
NS HS

| ' 7.08 PPM

Expansion of
Aromatic Region



13¢c NMR Spectrum 1,2,3-Trichlorobenzene

c5 126.98 PPM
C4 & C6 128.13 PPM /
130.95 PPM P V%
133.75 PPM | \
l1 . 4‘ C4 & C6 are Identical

C4 & C6 Highest
C5 Next
Next

Smallest



Analysis and interpretation of THg13¢cN
of 1,2-Dinitrobenzene

CgH4(NO5),  TH NMR spectrum

1:1
H4 & H5 : 2:2
7,77 PPM 3:3
7.96 PPM
s

{

| ]

é
2:2

H4-& H5-7.77 PPM
7.96 PPM



13¢c NMR Spectrum of 1,2-Dinitrobenzene

CeH4(NO3)

133.00 PPM

143.00 PPM

C4 & C5
124.61 PPM

N~

5

a7

Signals from
CDCI 3 Solvent

C4 & C5 are Identical



1 13 N
Analysis and interpretation of '"H & "“C NMR

of 1,3-Dinitrobenzene

CgH4(NO5),  TH NMR spectrum

8.57 PPM

H5
8.94 i
PPM f 7.89 PPM

Expansion of Aromatic region



1 13 N
Analysis and interpretation of '"H & "“C NMR

of 1,2,3-Trichlorobenzene

CgH3Cl;  TH NMR spectrum

8.57 PPM H5
7.89 PPM
8.94 PPM 1.05 Hz Doublet of doublet
Coupling not 8,21 Hz 8.21 Hz

resolved



13¢c NMR Spectrum of 1,3-Dinitrobenzene

CgH4(NO5)H

128.48 PPM

c5
130.49 PPM 116.34 PPM

147.89 PPM cDCI3

Solvent



e o 130 NRER <.
Analysis and interpretationof ' H & "“C NMR e «ﬁﬁ__
of 2,4-Dinitromethylbenzene N f"

CgH3CH3(NO,),  TH NMR Spectrum //)2\ \

12.5 =1H CH5
2.73 PPM
H3 CH3
H5 '
) /\l/

2|
j ‘ 3 i

S 4/

Expansion of aromatic region




1 13 /\\
Analysis and interpretation of 'H & "“C NMR%\

of 2,4-Dinitromethylbenzene

1 7

CH4
H3 8.66 PPM /l
Doublet ‘ \/
H5 8.30 PPM ‘ 2 ‘ o
7.63 PPM
. 2.31 Hz Dof D 5 /3
i 2 = 2,31 Hz

Jortho = 8.47 Hz
Jortho‘-.._= 8.47 Hz

P
<>

0.0 Hz



. =\
C NMR Spectra of 2,4-Dinitromethylbenz%§\\ S—

N,
~.

S,
-

CgH3CH3(NO5), // )2\ N

C5 126.48 PPM CH3
CH3

C3 133.69 PPM 119.43 PPM/
P , \/ 19.98 PPM

140.37 PPM

C2 145.69 PPM

C4 148.34 PPM



=

—

m

=\ =
Anisotropic Field in an Alkenes ( sp2 );’,; ii“‘\‘\

* Anisotropic Field Effect
Deshielded 'H Shift

To Lower Field
Away From TMS

-
Field add
A"
| :
|
|
|
A - . Secondary
§ RS » 1 i . Magnetic Field
| O H H o -
. : c »i 1 " Lines Induce
- - . H H H o - -
LR i Anisotropic Field
: FERWAN ¥ o P
] we Y . g § .:
|
|
|
|
HO
Applied

Field



Analysis and interpretation of THg13¢cN

of Styrene
CGH5-CH=CH2
5.30 PPM - " H,
5.81 PPM | C "'““'C/—,
Ha 6.78 PPM RO

{ Ha 20 |
f ! Ha TRANS ‘ /
|l Ha cis
|
|
\



Analysis and interpretation of THg13¢cN

of Styrene

CGH5-CH=CH2

Ha 6.78 PPM

17 .58 Hz
10 .90 Hz

Ha

Ha
y
== ,
/ > AN
5.81 PPM
= 5.30 PPM
17 .58 Hz
10 .90 Hz
Jgem. = 0.87 Hz

Jgem = 0 .87 Hz
4

!
]



Analysis and interpretation of Th & 13¢ NMR
of Styrene

<> o> «b
s e R S e P = 3

= 8 8 =30

———————————— - e e mm mm == T

! _(,,.-\ —1 :,.‘\g):;
(., T =

o= PO
S g—=r"



SEEs s Analysis and interpretation
of 2D COSY 90 1H NMR

Spectrum of Styrene™

C6H5-CH=CH2

Every peak in spectrum gives the
diagonal footprint in cosy spectrum.

Coupled 1H will give footprintin X & Y
axes.

Where as C6H5 give s no footprint in X &
Y axes hence they are not coupled to any

No footprint in X & Y laxes other 1H (' Ha, Hb or Hc).

Aromatic region is complex to analyse.




3¢ M
Analysis and interpretation of 13C t%

Spectrum of Styrene CgHs5-CH= 75/

Ha
8 7 -
t=a
C4 128.11 PPM o ..
: C3 & C5 126.59 PPM |
128.84 PPM ‘\1 a
Cc7 137.29 PPM :
137.91 PPM: 1. cg 113.94 PPM s
v v '..-



1

Splitting Patterns for Aliphatic 'H

1

Common Patterns in "H NMR Spectra

Doublet

Quartet

A-CGHz -CH:=-Y
(x=y)



Notation For Coupling Constant (1J 2J, 3J, 4J

In TH NMR spectra, the most common coupling/c i

)

encountered TH three bonds apart 3J. This is also called'a
Vicinal Coupling.
The angle alpha factor in vicinal coupling.




2J coupling constant

e The alpha angle H—-C—C—H and the rotation

e --C—C-- sigma bonds is also a key parametey
coupling constant.

* In alkenes and cyclic compounds the 5|gma bonds
rotation restricted, this may give rise the 'H attached to
the same carbon becomes non-equivalent hence coupl@s
to each other.

o g‘his coupling is called Geminal Coupling and denoted by
J

, Coupling




Analysis and interpretation of THg13¢cN

of Styrene
CGH5-CH=CH2
5.30 PPM - " H,
5.81 PPM | C "‘“‘C/7
Ha 6.78 PPM / R AN
i N N
| Ha 20 |
) ! Ha TRANS F
| Ha cis
|
|
h



4

1 13 /\
Analysis and interpretation of '"H & "“C NM ,;.,
of 4-Allyl-2-MethoxyPhenol — i

1 ﬁ
CH3(OH)(OCH3)(CH,-CH=CH.) H NMR'S

\f ‘ OH

V>
1H=3 ,’ S
sh _~
5.10 PPM 4|
OH 5.58 PPM | N e
Ha 5.98 PPM | C——C
: : | ~ N
Ha
Aromatic )
H(3,5 &6) | N
¢ 76 PRI v 3.88 PPM

3.34 PPM



Analysis and interpretation of Th & 13¢ NMI
of 4-Allyl-2-MethoxyPhenol

CgH3(OH)(OCH3)(CH,-CH=CH.)

4/ =
T,

Ha

= D of D of T
N Jtrans fi
D Ny

Aromatic C

/
"""" V- trans D
H (C5 & C6) R, > Ha 3 i v

=g cis D
7 o 1

Jcis =10.21 Hz ]
16.81 Hz i 3 e
v A R
—Ha = 6.67 Hz |

Ha



Analysis and interpretation of ThH & 13¢ NM.R\.

of 4-Allyl-2-MethoxyPhenol

Analysis of Ha
Dof Dof T
cis D
trans D
T

'
1N

CIS
10.21 HZ

Dof Dof T
2X2X3=12 Peaks

10 peaks only as
2 peaks of inner
triplets coincide

|

Outer Triplet

Triplet
6.67 Hz
<>

S
Outer Triplet
Inner Triplet >




of 4-Allyl-2-MethoxyPhenol

CgH3(OH)(OCH3)(CH,-CH=CH,) TH NMR SpT

OH
,f/gi/
\‘,/’
b S
. —{(
-~ N i

6.67 Hz



Analysis and interpretation of Th & 13¢ NMR
of Eugenol -

TH NMR Spectrum

Aromatic
H

OH




13¢ NMR Spectrum of Eugenol. \“\/

4-Allyl-2-MethoxyPhenol z;

/

OH
/"\2’/
f” T
4]
111.03 PPM . a B
& =C

/
114.26 PPM b Ha
Ca 115.03 PPM *-._
C5 120.86 PPM . ™.
C4 131.52 PPM - e 39.53 PPM
Cb 137.67 PPM-,, ™. ] " 55.37 PPM

C2143.67 PPM ™. . |[™.. T .
148.32 PPM



13C Dept 135 of 4-Allyl-2-MethoxyPhenol

CgH3(OH)(OCH3)(CH,-CH=CH.,)

CH= CH (Aromatic)
(Ha) M5 &
d
v |
i
$-
=CH5



Analysis and interpretation of THg13¢cN
of Pyridine

CsHsN  TH NMR spectrum

4H 7 .55 PPM 1H = 24 4
2H & 6H 8.51 PPM | S e o ﬂ \
E ,
: 6 //
N
| 1
4



The Electric Field Effect on Pyridine & Nitro

Pyridine Nitrobenzene ‘
CzH=N A
" 1 5715 C6H5N02
:,.f" r | o
Y i e o '
»i=) 1 1
: | | {
i !
| |
] ™S |
‘ t}z 1}
H




Analysis and interpretation of THa13¢cN
of Pyridine

C5HgN
4
N\
B
6 2
2H & 6H 8 .51 PPM 4H 7 .55 PPM '::
Jmeta = 1.81 Hz 7 .61 PPM
=4.21 HZ =7 .65 Hz = 7.65 Hz i
Jmeta =1 .81 Hz Jortho = 4.21 Hz | ,
R Jmeta = 1.50 Hz s |




Analysis and interpretation of 13¢ NMR Spe

of Pyridine CsHsN

C4
134 .59 PPM

C2 & C6 :
149 .77 PPM 122 .58 PPM

N1 gives no signal in
13C NMR Spectrum



Analysis and interpretation of Th & 13¢ NI\éS\Q ‘ bz

of 5-Ethyl-2-MethylPyridine

CsH3N(CH3)(CH,-CH3)

H4
H6 7.34

8.30 PPM
PPM ;

7.02
PPM

2.57
PPM

TH NMR Spectrum

2.48
PPM

o=

CH3
1.19
PPM



Analysis and interpretation of THg 13¢c N

of 5-Ethyl-2-MethylPyridine

CsH;N(CH3)(CH,-CH3) Expansion of THN

= 7.61 Hz
Triplet & Quartet

v

Meta

| Coupling

Ortho & |
Meta _
Coupling %

=7.88 Hz
= 2.30 Hz



Analysis and interpretation of 13¢ NMR Sp&r\
of 5-Ethyl-2-MethylPyridine

CsH3N(CH3)(CHy-CH3)

4 .
CH3 5P
9 | \
m 2
| 2 €9 14.72 PPM
N . iC7.23.15 PPM
1 g
24 .95 PPM
121 .98 PPM
B C4 134 .74 PPM
.~-C2 135 .17 PPM
4“"“.‘."‘ ..... cs 147 .92 PPM .................................... 'S
"""""""""" C5 154.70 PPM
A et

.....
e
-------
.....
ws
wns



Analysis and interpretation 13c DEPT 135
Spectrum of 5-Ethyl-2-MethylPyridine

CsH3N(CH3)(CHy-CH3)

4
CH3 2
1)

Aromatic CH 6 ~_ 2\

cé6 C4



Analysis and Interpretation of TH NMR Spe@@i\w
of Ethyl-2,4-Dimethylnicotinate i\\ =
e AN
C5H,N(CH3)(CH4)(CO-0-CH,CH3) )2\ N
1H=6 |
> N5 2.30PPM O3
C — -CH3 1.37 PPM
H6 8.34 PPM @ J 7.18 Hz
= 5.13 Hz CH3 2\ ~ °© CHy
. 6.95 PPM 1 = e ¥
= 5.13 Hz ",
= 0.45 Hz o ||

4.39 PPM
J 7.18 Hz



Analysis and Interpretation of TH NMR Speé;;\ V
of Ethyl-2,4-Dimethylnicotinate N\

&

CsH,N(CH4)(CH3)(CO-0-CH,CH,) )2\ \

N L
C — -
Q CH3 CH3 1.37 PPM
Triplet
—
CH =
4.39 PPM 3 N 7.18 Hz

Quartet

7.18 Hz



Analysis and Interpretation of TH NMR Sp
of Ethyl-2,4-Dimethyilnicotinate

C5H,N(CH3)(CH4)(CO-0-CH,CH)

N ’C' -— -CH3
H6 8.34 PPM m
= 5.13 Hz CHg “ ©

No CH3 Coupling 1

H6

6.95 PPM
=513 Hz
= 0.45 Hz



Analysis and Interpretation of 13¢c NMR S@W/
~N\=
— " 55

of Ethyl-2,4-Dimethylnicotinate

C5H,N(CH3)(CH3)(CO-0-CH,CHa) )2 N

122.36 PPM

C4 129.35 PPM .,

C2 144.35 PPM, *, |

C6 149.10 PPM_ ", ™, I
|
|

CH3

| 13.95 PPM
— -CH3

C5 154.61 PPM-. > * ™,
168.29 PPM > ™

19.07 PPM

1
" H
i‘ CH3 v
o 22.63 PPM
4 61.05 PPM
«“‘ “* ...... ”.0
‘* “" chI3 ....... > 0.‘
| )
| | ‘
B R S B



Analysis and interpretation of Th & 13¢ N@ ‘ i
of Furfural ( 2-Furaldehyde ) ﬁ'

C4H30-CHO  TH NMR Spectrum

1H=18

7.22 PPM 1 T
H5 5. EN g
7.65 PPM

9.61
PPM

H4
| [ 6.56 PPM



/—\

Analysis and interpretation of Th & 13¢ NM.R\ 4} :
of Furfural ( 2-Furaldehyde ) — =

1 ' ‘
C4H30-CHO  Expansion of "H NMR Spectl( |

4 T :
5 | 2 ~ _
1 H4 6.56 PPM
H5 7..65 PPM 7.22 PPM JH4 - H5 = 1.56 Hz
= 3.60 Hz = 3.60 Hz \



Analysis and interpretation of 13c NMR S

pectrum
of Furfural ( 2-Furaldehyde ) —\ /

e

C4H30-CHO 7 )\ﬁ;\

C5
C=0

147 .69 PPM 121 .37 PPM
177 .43 PPM .

c2 1
\ c4
152 .48 PPM

“““““ 112 .29 PPM
A,

cDCI3
kK

y
. 4
R ot T ’

L\
nivnads RN B S ~'\a-r—~\)»‘x-#" TN S NN S R ORI AT NN N € i 2 G A L W e A S AN AN e T A o

v



Analysis and interpretation of TH & 13¢ Nl\ﬁs\gﬁ

2
s

\

of 2-Furoic Acid

C4H30-(CO-OH) TH NMR spectrum

1H =44
7.33 PPM

HS5 7.63 PPM

11.78 PPM

Ry
.
.
.
o
.
.
.
.
.
.
o
.
.
.
.
.
.
.
o
S
.
K
.



Analysis and interpretation of Th & 13¢ N@ ‘ ra
of 2-Furoic Acid /" =

C4H30-(CO-OH) Expansion of TH NMR Spe N

H5 7.63 PPM |
: 233 PPN 5 __c— H4 6.55 PPM

= 3.47 Hz
=1.50 Hz
=1.17 Hz

CDCI;



of 2-Furoic Acid

Analysis and interpretation of 13¢c NMR Sp@&\

/=
C4H;0-(CO-OH)  13C NMR Spectrum

4f | w _
c5 1 |, 1
119.99 PPM 5 (2 - —
147.25 PPM g
1
c2 c4
143.63 PPM 112.09 PPM
' cDCl4
163.52 PPM S0
| |
: A
<



Analysis and Interpretation of TH NMR Spe
of Ethyl-2-Fluoropropionate

CH53-CHF-C0O-O-CH,CH4

CH4
H Dof D



Analysis and Interpretation of TH NMR Spectr

of Ethyl 2 -Fluoropropionate CH3-CHF-CO-C
/C— —O0—CH5—CH4

H 4.98 PPM 4.23 PPM 1.29 PPM
Doublet of Quartet Quartet
HCH3 = 6.87 Hz =/7.12 Hz e

H = 48.66 Hz

CH4 1.55 PPM
Doublet of Doublet  “'-.. |
: : CH; CH= 6.87Hz * | = .
4 3 CH3 =2231Hz



Analysis and Interpretation of 13¢c NMR Spe
of Ethyl-2-Fluoropropionate

CH3-CHF-C0O-O-CH,CH4

CH3 13.34 PPM Singlet
CH3 17.50 PPM Doublet
60.71 PPM Singlet
85.05 PPM Doublet
CO 169.80 PPM Doublet

L
.,
.
.

o
o
., &
— . o
— LN o
22.31 Hz ERRAR:
LS

A2

%,
e,
N,
e
.
.
"
.
.
o tea,
o e
o LN
o "
o e
— o* L
- . 4 . .
K LN
o Y,
K ",
o e,
o .,
LN
-— y 4 "
.
— 0 Jos L
o tey
o ,
0 v,
o v,

ctl?

.,
0
‘e
‘e
.
‘e
‘e
‘e
“,
.
‘Y
.
‘e
‘.
‘e
.
e
L
.
‘e
N
.
.

.
.,
"
.
LN
.
.
"
N,
“,
LN
.
.
e
N,
.,
"
L




Analysis and Interpretation of 13¢c NMR Spe

Ethyl-2-Fluoropropionate ( Expansion)
CH43-CHF-CO-O-CH,CH4

1=

=2nl +1

=n+1

=1+1 CH3 H (od0) CH3

= 2 ( Doublet CH4 doublet
17.50 PPM

2, =22.31 HZ
19; 85.05 PPM

15 =180.10 Hz

130 is coupling to

CcO Doublet
169.80 PPM
2, = 23.40 Hz

co CHg



Analysis and Interpretation of 13¢c NMR Spe

Ethyl-2-Fluoropropionate ( Dept 135 )
CH43-CHF-CO-O-CH,CH4

CH3 CHF-—CO CH4

Quaternary CH4
Carbon gives ’
no peak hence

CH
CO no signal H 3

!
| i
| -
i
AT B oS e P 2 S N A N i N ST IR D B B G T A AV S b ol T T “’ 2B AR R A P S e,

g R R SR A o B R B E S SRS I g R TR S S S L AR S



TH NMR spectrum of 2-Fluoro-6-Nitrophen

CgH3(F)(NO5)(OH)
1H = 20 e
H4 1)
7.43 PPM F2/ " \¢
AN
. 4 ‘;
OH ]

—————
L =

- —
T

Impurity

.
N,
"
L
"
L
"
LN
"
LN



CgH(F)(NO,)(OH)

./—\
TH NMR spectrum of 2-Fluoro-6-Nitro

7.92 PPM

= 8.76 Hz
Jmeta =4.81 Hz
Jpara-F = 1.72 Hz 5
Jpara-F

Jmeta

H4 7.43 PPM
Jmeta-F = 7.99 Hz3J

H4

OH
|
F2Ae 6.96 PPM
a ﬂl« h = 8 Peaks
H
= 13.40 Hz 3J
= 8.76 Hz_ X
"I Jmeta =4.81 Hz LM
, JJortho |
Jmeta
r—d



CgH(F)(NO,)(OH)

OH
,/'\
F— - = 1 o
12
| \
A
C4 118.47 PPM !
. H
119.92 PPM
122.98 PPM
135.00 PPM cocl,
v
C1 144.64 PPM
>
C2 152.17 PPM
a""& S



Expansion of 13¢ NMR spectrum of 2-Fluoro-6-Ni

C6H3(F)(N02)(OH)
(J)H
F I\
19 has long range coupling which \2
can be seen in the following example | :
N4/  H ca4 118.47 PPM
| 34 c4—C3—C2—F = 7.22Hz
S lesl C1144.64 PPM : C5119.92 PPM
19C2-F=250.60Hz  2,¢q4_c2 F=15.15 Hz F = 3.65 Hz
: . C3 122.98 PPM
= 15.15 Hz '
. A
I3 "4 ‘
c4

c2 i ’ c1



TH NMR Spectrum of 5-Bromopent-1-ene

Br'CHZ'CHZ'CHZ'CH=CH2

1H=7.5
\ 2 1./
C —C
5 a 3
= CH, = hW
Bl | CH, (4)
5.05 PPM .. (5) | .
Dof D of T ™ | 3.42PPM | (3) f
e . l Triplet 2.21 PPM Tof T
2y N .
5.77 PPM | | N
I |
Dof Dof T a | , j‘
| | ‘.‘,. i‘: :
'!hi i L
1 ! ,



TH NMR Spectrum of 5-Bromopent-1-ene
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TH NMR Spectrum of 5-Bromopent-1-ene

BI’-CHZ-CHZ-CHZ-CH=CHZ

CH5 CH5 Br CH, 1.95 PPM
Tof T .
2.21 PPM 5
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TH NMR Spectrum of 5-Bromopent-1-ene

BI’-CHZ-CHZ-CHZ-CH=CHZ
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13¢c NMR Spectrum of 5-Bromopent-1-ene

Br-CHZ-CHz-CHz-CH=CH2
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DiPhosphine Platinum Hydrochloride Compl
+ 10.00 to - 25.00 PPM Range

H NMR Spectrum of [(CgHg)3P],PtHCI in C

Nucleus Spin Sensitivity
T4 1/2 1.00
31p 1/2 0.07
195p¢ 1/2 0.0035 1

Two 31p give Triplet 3 times taller signal

One 199p¢ gives Doublet 1/3 Intensity




/\ x
TH NMR Spectrum of [(CgHs)3PloPtHCI in CDCE

DiPhosphine Platinum Hydrochloride Compl
expansion of 13.00 PPM to 19.00PPM y

J195Pt—|‘| = 1126 .27 Hz |
Doublet of Triplet '©
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TH NMR Spectrum of Ditertiary Butylphosphlt
[(CH3)3C-0-],P(O)H
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TH NMR Spectrum Of Sodium Borohydride in Il
NaBH,4 10.00 to - 2.00 PPM Range

Isotope Spin No. SF MHz
I
-
11
B 80 .10 3 /2 80 .243

For1H No.of peaks =2 xnx Il +1
(n =1) Spin active nucleus neighbour ( Boron )

Th

L 1B interaction to 1H
No. of Peaks =2 x1 x3 /2 +1
=3+1 = 4 Quartet

Hence Quartet is four times taller than
Septet.




Expansion of TH NMR Spectrum Of Sodium Boroh -'-re “{ D50

NaBH, / )\;\

1OB gives septet ...........................................................
Intensity 1 /4 %\

108H,
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Expansion of TH NMR Spectrum Of Sodium Boro m ide in-D,0

NaBH,4 )é \




10B NMR

-710 To - 790 PPM
4H equivalents

n + 1= Peaks (4+1)
Quintet

NaBH,




10g & 11B NMR Spectra Of Sodium Borohydride;
NaBH,




19F NMR of Sodium tetrafluoroborat
NaBF,

Isotope Spin No. SF MHz
[
.-
Isotopic Shift 11g 80 .10 3/2 80 .243
Of 20.0 Hz

For 19F No. of peaks =2 xnx 1 + 1
(n =1) Spin active nucleus neighbour
( Boron)

19

11B interaction to 19F
No. of Peaks =2 x 1 x3 /2 +1
=3+1 = 4 Quartet

Hence Quartet is four times taller than
Septet.




TH NMR Spectrum of

CH3(CH5)3-CgH4-N=N-CgH4-0O-(CH5),CH4
4-n-Butyl, 4’-Propoxy Diazobenzene

CH3-CH5-CHo-CHo —4 ) SN &
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TH COSY 2D NMR Spectrum of f N

CH3(CH,)3-CgH4-N=N-CgH4-O-(CH,),CHz | &
4-n-Butyl, 4’-n-Propoxy Diazobenzene /'/ )é N

C—CHz—CHz—CHz—CH3 GHp_CHo-CHp-CHg




TH COSY 2D NMR Spectrum of
CH43(CH5)3-CgH4-N=N-CgH4-0-(CH5)5,CH4
4-n-Butyl, 4’-n-Propoxy Diazobenzene




TH COSY 2D NMR Spectrum of
4-n-Butyl, 4’-n-Propoxy Diazobenzene

3’, 5’ ortho 1H 7 .00 PPM &

Outer Doublets Green Trac




TH NMR of Codeine In CDCI;
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2D COSY NMR Spectrum of Codeine In CDCI3§\\
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Expansion from 4.00 To 1.40 PPM Range’' —

N
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2D COSY NMR Spectrum of Codeine In CD@&V
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2D coSY TH NMR Spectrum of n-Butyl sal|cy r: .; ) &T
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13¢ NMR Spectrum of n-Butyl Salicylate ~ \N\/

3 INEPT 13C NMR Spectrum
3 . | . s
a4'<e | | |

5 | “ l ]

13¢c NMR Spectrum €5 €6 ca C3
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TH NMR 0f Trans FARNESOL C45H,¢0
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13¢c NMR Spectrum of Trans FARNESOL InC

C415H260
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13¢c & DEPT 135 NMR Spectra of Trans Fan:e\

Wyeoc,
C15H260 e S
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13¢c NMR Spectrum of sucrose In D;,0
C12H22014
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2p13¢ Connectivity NMR Spectrum of sucrc ma-l D5¢

C12H22014 )\;\
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sucrose In DZO
C412H22044
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TH 2D COSY 90 NMR Spectrum of Cyclohepta\
C,Hg e

H(3,4)
i‘ H(1,6)

fﬁﬁ :‘U‘
A |

CH2

|




TH 2D COSY 90 NMR Spectrum of Cycloheptatr
Molybdenum Tricarbonyl Complex C;Hg Mo (CQ)
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13¢c NMR Spectrum of Cholesteryl Acetate

C,5H45-0COCH4
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Expansion of 13¢c NMR Spectrum of Cholest
0.0 To 80.0 PPM Co5H45-OCOCH4
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13¢c DEPT 135 NMR Spectrum of Cholesteryl %

C,5H45-0COCH4
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NMR Spectrum of H,

With Labelled

P-H Doublets P-F2 Triplets P-N Triplets P-
2xXx3x3x5=90Lines NMR Spectrum,.-".'*--,_
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