
Isotope Effects

Remarkably, replacing one isotope of an atom with another can 
substantially affect reaction equilibria and rates.
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Just replacing H with D makes reaction go 5 times slower!



Equilibrium Isotope Effects
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Each side of potential energy 
diagram represents harmonic 
vibrational potential well.

nυ = 0

nυ = 1
Vibrational states
have energy

ZPE =      hν1
2

zero-point energy (ZPE)E = (nυ + ½)hν
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ZPE (O-H)
= 21.5 kJ/mol

ZPE (N-H)
= 20.3 kJ/mol
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On this diagram, 
where do O-D and 
N-D appear?
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Don’t know ν for
O-D or N-D, but
Hooke’s Law says:
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ν(O-H) = 3600 cm-1

ν(O-D) = 2620 cm-1
ν(N-H) = 3400 cm-1

ν(N-D) = 2470 cm-1

O-D

N-D

So, higher-frequency 
bond has narrower 
well, higher energies 
and larger energy 
differences.
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here)


