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Break-out 3: Maxwell-Boltzmann Distribution

A proton in a magnetic field can only be in one of two energy levels (corresponding to spin +1/2
and spin -1/2). The energy spacing, AE, corresponds to a transition frequency v of 600 MHz (in
our biggest magnet!). Use the equation AE = hv, (h = Planck’s constant, 6.6261 x 10°*Js). Use

the Boltzmann distribution to calculate the following. Recall that Bolzmann’s constant kB =
1381 x 107 J/K, and 1MHz = j0¢ g,

(a) the absolute temperature when the proton is in the lower state only. | T=0 l
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(b) the absolute temperature when the probability of finding the proton in either level is equal. Y
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(c) the ratio of populations at ambient temperature (25 °C).
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(d) The transition between these two energy levels gives rise to an NMR signal. The magnitude
of the signal depends on the difference in populations between the two energy states. What does
this mean for NMR spectroscopists?
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