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Figure 3.12. Experimental measurements of the magnetization of the organic
free radical “DPPH” (in a 1:1 complex with benzene), taken at B = 2.06 T and
temperatures ranging from 300 K down to 2.2 K. The solid curve is the prediction
of equation 3.32 (with µ = µB), while the dashed line is the prediction of Curie’s
law for the high-temperature limit. (Because the effective number of elementary
dipoles in this experiment was uncertain by a few percent, the vertical scale of
the theoretical graphs has been adjusted to obtain the best fit.) Adapted from P.
Grobet, L. Van Gerven, and A. Van den Bosch, Journal of Chemical Physics 68,
5225 (1978).

down to temperatures of a few kelvins, but then deviates to follow the prediction of
equation 3.32 as the total magnetization approaches its maximum possible value.∗

For a nuclear paramagnet, a typical value of µ can be found by replacing the
electron mass with the proton mass in expression 3.34 for the Bohr magneton.
Since a proton is nearly 2000 times heavier than an electron, µ is typically smaller
for nuclei by a factor of about 2000. This means that to achieve the same degree
of magnetization you would need to either make the magnetic field 2000 times
stronger, or make the temperature 2000 times lower. Laboratory magnets are

∗This data is the best I could find for a nearly ideal two-state paramagnet. Ideal

paramagnets with more than two states per dipole turn out to be more common, or at

least easier to prepare. The most extensively studied examples are salts in which the

paramagnetic ions are either transition metals or rare earths, with unfilled inner electron

shells. To minimize interactions between neighboring ions, they are diluted with large

numbers of magnetically inert atoms. An example is iron ammonium alum, Fe2(SO4)3 ·
(NH4)2SO4 · 24H2O, in which there are 23 inert atoms (not counting the very small

hydrogens) for each paramagnetic Fe3+ ion. The magnetic behavior of this crystal has

been shown to be ideal at field strengths up to 5 T and temperatures down to 1.3 K, at

which the magnetization is more than 99% complete. See W. E. Henry, Physical Review

88, 561 (1952). The theory of ideal multi-state paramagnets is treated in Problem 6.22.


