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N a previous letter,! we have reported some of the results of our
precise observations on the line width in microwave para-
magnetic resonance absorption by manganese sulfates, in con-
junction with the theory of dipolar broadening by Van Vleck.?
Since then, measurements on several salts containing copper ions
were added to our data, which can be compared with theory more
thoroughly than before.
Results are summarized in Table I. The widths in the table are

TasLe I. Paramagnetic absorption lines (9970 Mc).

Range of
half-width
Single by crystal
crystal or . orientation Range of
Salts powder  Shape of absorption line  (Qersted) g-values
Mn(NHy)2(S04)2-6H20  single  several peaks not com- ~70 —
iluf pletely resolved
Mn(NH4)2(804)2-6H20  single sevefa\ scarcely re- 1000-2000 —
solv
single one peak, intermediate - —_
shape of gaussian and
. resonance curve
MnS04-5H:0 powder one peak intermediate 1250 2.06
of gaussian and
resonanee curve
single one peak, intermediate 980-1500 2.00-2.07
shape of gaussian and
| resonance curve
MnS04-4H20 powder one peak, intermediate 1140  2.04
shape of gaussian and
resonance curve
Mn804-H:0 powder one peak, resonance curve 305 2.00
MnSO4 powder one peak, resonance curve 655 2.00
Cu(NHy)2(SOs)2-6H:0  single two peaks, like gaussian ~230 2.0 -2.3
curve
Cu(NHy):Cls-2H:0 single  one peak, resonance curve 90-230  2.05-2.20
CuKaCls -2H:0 single  one peak, resonance curve  110-250  2.05-2.20
CuS0,-5H:0 {smgle one peak, resonance curve 50-220 2.04-2.24
powder - 300 —
CuCls -2H:0 single  one peak, resonance curve 55-70  2.03-2.23
CuS04-H:0 powder one , gaussian curve 310 2.19

obtained at half the maximum x’’ irrespective of the line shapes.
As the g-values of salts containing Mn**(8S) are almost isotropic,
the half-width in polycrystals of MnSO,-H,0 and MnSO, have
definite meanings. In the cases of Cu(NH,)2(SO4)2-6H,0 and
diluted Mn(NH,):(SO,)2-6H,0, the curves are composed of
several peaks which can be decomposed to one, and the widths of
each are shown in the table. As the line shapes of polycrystals of
CuS0,-H,0 are almost gaussian, it is probable that g-values are
nearly isotropic in the single crystal.

We shall consider the line widths for the same kind of para-
magnetic ions contained in various salts which have different inter-
ionic distances. According to Van Vleck’s theory,? the widths
(AH); owing to dipolar coupling in this case are given approxi-
mately as follows:

(AH)~1/,
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Fi1G. 1. Half-widths of salts of Mn** and Cu** and calculated dlpolar
widths. 1. Mn(NHc):(SOO: 6H20 dlluted 2. MnSOq- 3.
MnSO4 -4H:0; 4. MnSO4-H:0; 5. MnSOx; 6 Cu(NH.),(so.), m,o
Cu(NH4)2Cls - 2H:0; 8. CuK.Cly 2HzO 9. CuSO4 - 5H30; 10. CuCl: 2H20
11. CuSO«-H:0.

where 7 is the mean inter-ionic distance, and the line shape is
assumed to be gaussian. As a first approximation, we consider the
arrangement of ions as simple cubic with lattice constant ¢; then
we can put (AH)y~(1/a%. The values of a are given by a®p=M/N
where p is the density, M the molecular weight related to the
single ion of the salt, and N the Avogadro number.

In Fig. 1 the values of (AH); from Table I are plotted against
1/a3. The widths indicated in the figure for single crystals are
means of those for different orientations. The dotted and dashed
straight lines indicate the widths for Mn** and Cu** owing to
dipolar broadening, by Van Vleck’s calculation? For smaller
values of 1/43% the widths are almost equal to those expected by
dipolar broadening in both cases of Mn** and Cu**. But when
ions are nearer, the width becomes much smaller than those
corresponding to the straight lines, because of the effect of ex-
change interaction. These results agree with the fact that A, the de-
parture from Curie’s law in the static susceptibility, is 0.7°, 3°, 2°,
and 24° for Mn(NH,)2(SO4)2- 6H,0, MnSO4- SH,0, MnSO,-4H:0,
and MnSO,, respectively, and that A is mainly due to the exchange
effect for manganese salts.® It is remarkable that the widths be-
come broader again for the smallest value of @, which can be seen
in the cases of MnSO4 and CuSO,-H:0. In any case, the curves
shown in Fig. 1 may have important bearing on the nature of

dipolar and exchange interactions of paramagnetic ions.
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HE captions of Fig. 1 and Fig. 2 should be interchanged.

This applies also to the angle designations on the histo-
grams, i.e., #=132.5° lab for Fig. 2 and 6=12.8° for Fig. 1. In
addition, these angles should be transposed in the references of
the text to the figures.



