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Spectral Band
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Frequency () = 106 (M) to 109 (G)  Hz
Wavelength (l) = 300 to 0.3 m 
Wave Number = 3.33 × 10-3 to 3.33 m-1



Spectral Band
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Energy States
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Energy States
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  (n/2) Bo

n = 2Bo

n / 2 = (Bo)

Nucleus    n (rad.s-1.T-1)    n/2 (MHz/T)
1H              267.51 × 106              42.58
2H              41.07 × 106                6.54
13C             67.28 × 106                10.71
19F             251.66 × 106              40.05
31P             108.29 × 106              17.24



Nuclear Energy Levels
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Quantum energy states
potential well inducing
angular momnetum effect

Further splitting from
spin-orbit effect

Multiplicity
of states



Nuclear Spin (I)
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1s1/2
2 < 1p3/2

4 < 1p1/2
2 < 1d5/2

6 < 2s1/2
2 <

1d3/2
4 < 1f7/2

8 < 2p3/2
4 < 1f5/2

6 < 2p1/2
2 <

1g9/2
10 < 2d5/2

6 < 1g7/2
8 < 3s1/2

2 < 2d3/2
4 …

I = ip + in     when I' = odd/fractional number
I = ip - in     when I' = even number
I' = (ip + in) + (lp + ln)

         1H1

Z = 1; A = 1

p = 1; n = 0

1s1/2
2

I' = (1/2 + 0) + (0 + 0)
I' = 1/2
I = 1/2 + 0 = 1/2



Nuclear Spin (I)
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1s1/2
2 < 1p3/2

4 < 1p1/2
2 < 1d5/2

6 < 2s1/2
2 <1d3/2

4 < 1f7/2
8 < 2p3/2

4 <

1f5/2
6 < 2p1/2

2 < 1g9/2
10 < 2d5/2

6 <  1g7/2
8 < 3s1/2

2 < 2d3/2
4 …

        2D1

Z = 1; A = 2

p = 1; n = 1

I' = (1/2 + 1/2) + (0 + 0)
I' = 1
I = 1/2 + 1/2 = 1

        13C6

Z = 6; A = 13

p = 6; n = 7

I' = (1/2 + 0) + (1 + 0)
I' = 3/2
I = 1/2 + 0 = 1/2

        19F9

Z = 9; A = 19

p = 9; n = 10

I' = (1/2 + 1) + (2 + 2)
I' = 11/2
I = 1/2 + 1 = 3/2

        31P15

Z = 15; A = 31

p = 15; n = 16

I' = (1/2 + 0) + (0 + 0)
I' = 1/2
I = 1/2 + 0 = 1/2



Nuclear Spin (I)
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1s1/2
2 < 1p3/2

4 < 1p1/2
2 < 1d5/2

6 < 2s1/2
2 <1d3/2

4 < 1f7/2
8 < 2p3/2

4 <

1f5/2
6 < 2p1/2

2 < 1g9/2
10 < 2d5/2

6 <  1g7/2
8 < 3s1/2

2 < 2d3/2
4 …

        35Cl17

Z = 17; A = 35

p = 17; n = 18

I' = (1/2 + 1) + (2 + 2)
I' = 11/2
I = 1/2 + 1 = 3/2

        79Br35

Z = 35; A = 79

p = 35; n = 44

I' = (3/2 + 2) + (3 + 4)
I' = 21/2
I = 3/2 + 2 = 7/2

        37Cl17

Z = 17; A = 37

p = 17; n = 20

I' = (1/2 + 0) + (2 + 0)
I' = 5/2
I = 1/2 + 0 = 1/2

        81Br35

Z = 35; A = 81

p = 35; n = 46

I' = (3/2 + 2) + (3 + 4)
I' = 21/2
I = 3/2 + 2 = 7/2



Nuclear Spin (Periodic Table)
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NMR Spectrophotometer

Prof Dr Abdul Rauf Raza 12



Unit
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dppm=
(signal - TMS) × 106

Machine (MHz)

dChemical Shift
TMS = Tetramethylsilane [Me4Si]

Si

Me

Me
Me

Me Bo

Bo'



Shielding (+I) / Deshielding (-I)
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d = 0





E
E'

Bo

DeshieldingShielding

CH3F   CH3Cl   CH3Br   CH3I   CH3C    CH3H  CH3Si    CH3Li

d(ppm)         4.27      3.06       2.69      2.13    0.86       0.23      0.00      -1.49
E (Pauling)    4.0       3.16       2.96      2.66     2.55      2.20      1.90       0.98

O

S

N

3.44

2.58

3.04

3.76

1.90

2.56



Mesomeric Factor
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Diamagnetic Anisotropic Effect
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Diamagnetic Anisotropy in Benzene
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Non-Equivalent Protons
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Diastereotopy
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Spin-Spin Splitting
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Spin-Spin (1H-1H) Coupling
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Spin-Spin (1H-1H) Coupling
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d

Coupling 
Constant
(J) in Hz

O

H
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X

(X = Ph)

(X = H)
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Spin-Spin (1H-1H) Coupling
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Pascal’s Triangle
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n = 0

n = 1

n = 2

n = 3

n = 4

n = 5

1

1 1

1 2 1

1 3 3 1

1 4 6 4 1

1 5 10 10 5 1
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Doublet

Triplet
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Hextet
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Spin-Spin (1H-1H) Coupling

Prof Dr Abdul Rauf Raza 25



Spin-Spin (1H-1H) Coupling
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Spin-Spin (1H-1H) Coupling
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Spin-Spin (1H-1H) Coupling
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Spin Spin (1H-1H) Coupling
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Coupling Constants
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1. Geminal Coupling Constant          (J2)   8 - 20 Hz

2. Vicinal Coupling Constant            (J3)   2 - 10 Hz

3. Allylic Coupling Constant             (J4)   2 - 4 Hz

4. Homoallylic Coupling Constant    (J
5
)   0.5 - 2 Hz

5. Long Range Coupling Constant     (J
x
)   below 1 Hz



Geminal Coupling (J2)
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Geminal Coupling & Diastereotopy
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Vicinal (J3) / allylic Coupling (J4)
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Karplus Equation (J3)
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J3 = 8.5 cos2 θ – 0.28  (Hz) 90o > θ > 0o

J3 = 9.5 cos2 θ – 0.28  (Hz) 180o > θ > 90o



Electronegativity vs J3
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Jab = 7.9 - (0.7 E)
      = 7.9 - [0.7 (3 x 0.61)]
      = 6.62 Hz

Cl
Cl

Cl

Hb Hb

Ha

Jab = 7.9 - (0.7 E)
      = 7.9 - 0.7 [(2 x 0.61) + 0.89]
      = 5.79 Hz

HO
Cl

Cl

Hb Hb

Ha

E = 3.16

E = 3.44



Ring Size vs J2
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H

H

n

n        J3

1     0.5 - 1.5

2     2.5 - 3.7

3     5.1 - 7.0

4     8.8 - 11.0

5     9.0 - 12.6

6     10.0 - 13.0

Ha

Ha

n

n    J3
aa       J

3
ab

1     8 - 13       5 - 10

2     5 - 11       2 - 11

3     1 - 9         1 - 9

4     10 - 13     2 - 5

X

Hb



Calculating Coupling Constant(s)
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300 MHz (CDCl3)



Calculating Coupling Constant(s)
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Calculating Coupling Constant(s)
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300 MHz (CDCl3)
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Calculating Coupling Constant(s)
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Integration
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Integration
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Working Out J
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Working Out J
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Working Out Splitting Pattern
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H

H

O

O

O

H

H

H = 2.72 (1H, dddd, J = -19.8, 2.7, 2.7, 2.7 Hz)

H = 6.67 (1H, dddd, J = 10.2, 5.7, 2.4, 1.5 Hz)



Working Out Splitting Pattern
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H = 6.74 (1H, dddd, J = 10.2, 5.4, 1.2, 1.2 Hz)

H

Br
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O

H = 2.29 (1H, dddd, J = 12.3, 5.4, 1.2, 1.2 Hz)
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Predicting d of a 1H
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Predicting d of a 1H
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Predicting d of a 1H
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NO2

N

dH = 1.50 + 0 (Et) + 1.20 (CN) + 3.0 (NO2)
dH = 5.70 ppm

O Cl

*

*

dH = 1.50 + 0 (Et) + 1.50 (OR) + 2.0 (Cl)
dH = 5.00 ppm



Predicting d of a 1H
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Predicting d of a 1H
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dH = 5.25 + 0.97 (gem) + 0.75 (cis) - 0.28 (trans)
dH = 6.69 ppm

H

COOH

N

dH = 5.25 + 0.45 (gem) + 0.75 (cis) + 0.71 (trans)
dH = 7.16 ppm

HOOC

H
N



Predicting d of a 1H
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Predicting d of a 1H
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dH = 7.27 + 0.85 (COOH) - 0.48 (OMe) - 0.02 (Cl)
dH = 7.62 ppm
dH = 7.27 + 0.85 (COOH) - 0.44 (OMe) - 0.02 (Cl)
dH = 7.66 ppm
dH = 7.27 + 0.18 (COOH) - 0.09 (OMe) + 0.03 (Cl)
dH = 7.39 ppm

COOHO

Cl

H

H

H



Predicting d of a 1H
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13C NMR
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 = CH3 + CH2 + CH + C
 = CH3 + CH2 + CH 
 = CH 
 = CH3 + CH (+ve Phase)
 + CH2 (-ve Phase)

Broad Band 13C-NMR 

DEPT-45o 13C-NMR 

DEPT-90o 13C-NMR 

DEPT-135o 13C-NMR

DEPT = Distortionless Enhancement 
              by Polarization Transfer



Application
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Application
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Application (BB)
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Application (DEPT-45)
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Application (DEPT-90)
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Application-II
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Application (BB)
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Application (DEPT-45)
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Application (DEPT-90)
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Application (DEPT-135)
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Double Bond Equivalent
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N
H

O

O

O

NH

NO2

Double bond equivalent (DBE) = Cn - (Hn/2) - (Xn/2) + (Nn/2) + 1

Mol. Formula = C30H27N3O5

DBE = 30 - (27/2) - (0/2) + (3/2) + 1
DBE = 19



Calculating Number of Cs
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SA-11-45_Pos_full #1-35 RT: 0.00-0.50 AV: 35 NL: 1.10E8
T: FTMS + p NSI Full ms [100.00-2000.00]

415 420 425 430 435 440 445
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418.2002 440.1822

419.2036
441.1855

420.2065 442.1885
437.1926421.2312413.2111 443.1915425.2130417.1872 434.1966 447.3432429.5284

O

O
COOH

N

m/z = 417.19 amu
Mol. Formula = C26H27NO4



Calculating Number of Cs
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m/z = 418.2002 amu [M+H] (100%)
m/z = 419.2036 amu [M+H] (29%)

Number of Cs =
% of Shadow ion

1.1% (Natural abundance of 13C)

Number of Cs =
29

1.1
= 26.4



Calculating Number of Cs
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Calculating Number of Cs
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N
H

O

O

O

NH

NO2

m/z = 509.20 amu
Mol. Formula = C30H27N3O5

Number of Cs =
32.3

1.1
= 29.4

31% [M] 100% (x 3.23)

10% [M+1] 32.3 %


