
CH362/362H
Week 9 Lecture

Structure Elucidation Strategy
(2-Dimensional NMR)
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Before we can discuss multi-pulse NMR experiments (including 2D experiments) we have to review the basics of
FT NMR.  The simplest NMR experiment is a 90° (π/2) pulse, followed by measurement of the Free Induction Decay
(FID, magnetization in the y' direction of the rotating frame).  The magnetization will rotate around the Z axis at a
rate of 1/Δν, where Δν is the difference in freuency between the spectrometer pulse frequency, and the Larmor
precession frequency of the nucleus.
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1. Preparation: Excite nucleus A, creating magnetization in the x-y plane
2. Evolution: Measure the chemical shift of nucleus A.
3. Mixing: Transfer magnetization from nucleus A to nucleus B (via J or NOE). 
4. Detection: Measure the chemical shift of nucleus B.

LECTURE COURSE: NMR SPECTROSCOPY 

Ninth Chapter: 2 dimensional NMR experiments                                    Pg.124

The TOCSY transfer is different in the way that in-phase magnetization is trans-

ferred at twice the rate:

For the NOESY mixing the description is

Some of the more advanced triple-resonance experiments mixing includes

magnetization relay via many nuclei of possibly different nature.

1.0.4  The detection period:

The detection period simply comprises acquisition of the FID with or without

heteronuclear decoupling.

1.0.5  Hetcor and inverse-detection experiments:

The heteronuclear correlation experiments (Hetcor, HMQC, etc.) are in princi-

ple of the COSY-type. However, the mixing pulse must be applied for both

kinds of nuclei (1H and 13C) separately. Inverse detection experiments include

an additional INEPT-type proton-heteronucleus polarization transfer step.

Thereby, the sensitivity is increased according to

In addition, faster pulsing is possible since the proton T1's are usually much

FIGURE 6. Magnetization flow for coherence transfer between spins A and B.

PREPARATION

_

`

MIXING

_

`

_

`

EVOLUTION

Spin A

Spin B

I Sx x
" "180°± A±±

I Sz z
mo± A± <( )

Int ex| a a det
/3 2



stacked plot of acetone

Interferogram (eg 1024, for each column)
Time-domain spectrum, as function of t1
(data constructed point by point)

=> F1 axis of 2D NMR
VERSUS 
FID, function of t2
(data obtained in real time)

Second FT on each of the 
Interferograms

=> F2 axis of 2D NMR



The rudimentary 2D (The rudimentary 2D (……))

• Now we have FIDs in t1, so we can do a second Fourier

  transformation in the t1 domain (the first one was in the t2
  domain), and obtain a two-dimensional spectrum:

• We have a cross-peak

  where the two lines

  intercept in the 2D map,

  in this case on the 

  diagonal.

• If we had a real spectrum with a lot of signals it would be a 

  royal mess. We look it from above, and draw it as a contour

  plot. We chop all the peaks with planes at different heights.

• Each slice is color-coded

  depending on the height

  of the peak.
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Fourier transformation of series of interferograms: 
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• Now we have FIDs in t1, so we can do a second Fourier

  transformation in the t1 domain (the first one was in the t2
  domain), and obtain a two-dimensional spectrum:

• We have a cross-peak

  where the two lines

  intercept in the 2D map,

  in this case on the 

  diagonal.

• If we had a real spectrum with a lot of signals it would be a 

  royal mess. We look it from above, and draw it as a contour

  plot. We chop all the peaks with planes at different heights.

• Each slice is color-coded

  depending on the height
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Worked Example: Unknown Compound #9 EIMS

126

128

91
X

Y

C6H4 = 76

if X = 35Cl / 37Cl and M = 126 (35Cl) then

M = 76 + X + Y

EIMS has parent cluster showing likely Cl isotope pattern
(3:1, two mass unit gap) & major peak at 126, M = 126? (with 35Cl)

126 = 76 + 35 + Y Y = 15

both 1H NMR and 13C NMR show evidence for Y = CH3

•

•

•
three possible structures for #9 (C7H7Cl)•
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Symmetry Considerations & NMR Data Limit Choices Immediately
Cl

CH3

Cl

CH3

Cl

H3C
# unique chemical

environments

H-atoms
C-atoms

5
7

5
7

3
5

7 unique signals in 13C NMR
(1H NMR shows 5 multiplets)

•



Worked Example: Unknown Compound #9 1H NMR
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COSY Reveals H-H Correlations (J Coupled)
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7.39 7.29 7.20 7.17 

1H
7.39
7.29
7.20
7.17
2.40

7.39
7.39
none

COSY correlations
7.20
7.20
7.29
7.29

7.17
7.17
7.17
7.20

HSQC
129.2
131.0
126.5
127.0
20.0

136.1 (0)
134.4 (0)
136.1 (0)
134.4 (0)
136.6 (0)

HMBC correlations
(dd)
(dd)
(td)
(td)
(s)

134.4 (0)
127.0 (1)
129.2 (1)
129.2 (1)
134.4 (0)

126.5 (1)
20.0 (3)

131.0 (1)
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HMBC Typically Reveals 2 or 3-Bond C-H Correlations

HSQC in red 
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1H

7.39

7.29

7.20

7.17

2.40

136.1 (0)

134.4 (0)

136.1 (0)

134.4 (0)

136.6 (0)

HMBC correlations

134.4 (0)

127.0 (1)

129.2 (1)

129.2 (1)

134.4 (0)

126.5 (1)

20.0 (3)

131.0 (1)



Complete Spectral Data Correlation Table

Cl

CH3

H

H

H

H

1H
7.39
7.29
7.20
7.17
2.40

7.39
7.39
none

COSY correlations
7.20
7.20
7.29
7.29

7.17
7.17
7.17
7.20

HSQC
129.2
131.0
126.5
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20.0

136.1 (0)
134.4 (0)
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136.6 (0)

HMBC correlations
(dd)
(dd)
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(s)

134.4 (0)
127.0 (1)
129.2 (1)
129.2 (1)
134.4 (0)

126.5 (1)
20.0 (3)

131.0 (1)
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Complete Spectral Data Correlation Table
1H

7.39
7.29
7.20
7.17
2.40

7.39
7.39
none

COSY correlations
7.20
7.20
7.29
7.29

7.17
7.17
7.17
7.20

HSQC
129.2
131.0
126.5
127.0
20.0

136.1 (0)
134.4 (0)
136.1 (0)
134.4 (0)
136.6 (0)

HMBC correlations
(dd)
(dd)
(td)
(td)
(s)

134.4 (0)
127.0 (1)
129.2 (1)
129.2 (1)
134.4 (0)

126.5 (1)
20.0 (3)

131.0 (1)

H

CH3

Cl

H

H

H ?

Cl

CH3

H

H

H

H



Complete Spectral Data Correlation Table
1H

7.39
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7.20
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none
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Complete Spectral Data Correlation Table
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Good Luck !
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