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Determination of Rate Processes from Earliest Days



Colorado State University
Fort Collins, COExplain a Simple NMR Spectrum

N,N-dimethylacetamide
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N,N-dimethylacetamide

373 K296 K
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Resonance Frequency Depends Upon Chemical Environment

Methyl near Oxygen

Methyl far from Oxygen
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Rotation About C–C Bond 
Interchanges Chemical Environments

Fast Exchange Results in Observation of 
Average of All Environments.
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Stationary
Wheel Rotating

Wheel

The “Average”
Color is

Observed
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Rotation About C–C bond Changes Chemical Environments
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Fort Collins, COsp2-sp2 Bonds Rotate With Restraint

No Rotation about C–C bond 
Preserves Chemical Environments
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N,N-dimethylacetamide

373 K296 K
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Why Aren’t Signals Always Averaged?

Isn’t C-N Bond sp3-sp3? 

With Low Barrier?



Colorado State University
Fort Collins, COResonance Structures 

C-N Bond Exhibits Mixed sp2-sp2 and sp3-sp3 Character
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C-N Bond Exhibits Mixed sp2-sp2 and sp3-sp3 Character
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Arrhenius Behavior –
exchange rate varies 
with activation energy 

and temperature
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We consider a liquid where there are two sites with
different local fields giving resonance with two
components A and B shifted by +dn/2 and -dn/2 from their
average resonant frequency.
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The relative intensities of these components are directly
proportional to the proton fractions pA and pB contributing
to each component.

The average lifetime of protons at each site is:

where:

The process interchanges protons between sites A and B.

So if the protons NA and NB at each site are labeled
NA* and NB* at some instant

where:
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Expanded Region of 
N-methyl Signals

With Re-centered Scale

Measured at 7.0 T
300 MHz for 1H

Measured in Solution
C2Cl4(l) - 393 K BP
In Flame-Sealed

Glass Tube
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Experiment Simulated
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Experimental:
64370 ± 3 kJ mol-1

Literature:
70290 kJ mol-1
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