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CHEM 222  section 01   

LECTURE #12 Thurs., Oct.11, 2007

Lecture topics & readings

Today’s class
- NMR spectroscopy (Ch.13)

Before next class
- read sections 13.8-13.12

Next class
- finish NMR (?)
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13.9  Integration of NMR signals relative #s of Hs

Integration yields area under peaks
= H signals’ intensities

7.0 =  4.4 =  8.8 ≈ 9H
1.6          1          2       2H

Note:  integration is a crucial part of interpretting NMR data
UV/Vis and IR peaks are not integrated
MS peaks are integrated, but yield less-than-crucial information
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Problem 17 – Which compound would give this 1H NMR spectrum?
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chemical shift if isolated 

13.10  Peak shape:  splitting of signals follows “N+1” rule
Spin-spin coupling: 1Hs feel magnetic fields of adjacent 1Hs

equivalent Hs not affected by each other (yield same signal…)
1Hs on adjacent atoms ( ≤ 3 bonds away ) coupled to each other
coupled 1H’s split each other’s signal 
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H’s spin 
= α or β
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2.07 ppm5.90 ppm

chemical shift if isolated 
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Back to 13.10… Peak multiplicity follows the “N+1 rule”:
#peaks in signal = (#coupled Hs) + 1

Pascal’s
triangle

# Equivalent
1Hs causing

splitting

Sketch an expected spectrum for diethyl ether:
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Coupling occurs through bonds, not through space

3 σ-bonds apart
Ha & Hb COUPLED

4 σ-bonds apart
NOT coupled
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4 σ-bonds apart
BUT… π-bond too
may see weak coupling
“long-range coupling”

?
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13.12  Coupling constants can identify “partners”

Spin-spin coupling:  causes equal spacing between peaks in multiplet
to identify coupling partner find other multiplet with same spacing
spacing in Hz = coupling constant (J)

2.07 ppm5.90 ppm

Calculate J s:  subtract peak positions
1st convert chemical shifts into Hz
δ (Hz) = δ (ppm) x operating freq (MHz)
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3 CH3
“Ha”1 “Hb”
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Expanded view:

5.935 ppm
5.914
5.893
5.873
x 300 MHz…

= 1780.5 Hz 
= 1774.2
= 1767.9
= 1761.9

average
Jba = 6.3 Hz Jab = 6.3 Hz

2.077 ppm
2.056
x 300 MHz

= 623.1 Hz 
= 616.8

3 CH3
“Ha”1 “Hb”

H
C C

ClH
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H Cl
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Coupling constants can help with stereochemistry too
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Summary so far: information provided by 1H NMR spectra

INFORMATION  LEARNEDFEATURE

Identify coupled protons Coupling constants
# of equivalent Hs (N) bonded to adjacent CsMultiplicity (N+1)
Relative # of H of each typeIntegration

Type of H           &     neighbouring substituents
CH3, CH2, CH               EWGs…
allylic, vinylic
aromatic
aldehyde…

Chemical shift
# of different kinds of H atoms in molecule# of signals
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Molecular formula:  C8H10O     What is its structure?
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← wavenumbers 1600 1400 1200

← δ (ppm)     

3000


