
LE TTE RS TO THE EDITOR

pair-lines of the second y-ray overlap the pair-line of the 3.22-Mev
p-ray and the photoline of a third p-ray, respectively. The micro-
densitometer trace of the energy region in question is shown in
Fig. 2, top. The unresolved doublets are in the region BC and EP.
The next lower trace resulted from 2-crystal operation when the
second crystal was oriented such that the line joining the crystals
was at 135' with respect to the incident y-ray beam. Using this
trace, the pair-line of the second y-ray was found at J3; the p-ray
has an energy of 2.10~0.03 Mev, and its photoline and "135'
edge" should be located at E and D, respectively. It will be noticed
that the calculated line D does not pass through the center of
the 2-crystal Compton line: this is because the recoil electron
energy changes very slowly with scattering angle beyond 135'.
Using this information, line A, was drawn for the "135' edge"
of the third y-ray whose energy is then computed to be 1.16~0.03
Mev. The photoline of this y-ray should lie at C. The bottom trace
of Fig. 2 results on 3-crystal operation; only the pair-lines of the
3.22- and 2.10-Mev p-rays remain.

It is a pleasure to thank Professor J. R. Richardson for much
helpful advice in the course of this experiment.
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FIQ. 1. Absorption spectrum of 0.15M MnC1& solution at 80 C.
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'PARAMAGNETIC resonance absorption in solutions con-
taining Mn++ ions has been observed in solutions sufficiently

dilute for the hyper6ne structure (hfs) to be easily observed. These
solutions are as much as 100 times as dilute as those reported by
Halliday and Wheatley, ' in which no hfs was observable, and are
about the same concentrations as those observed by England and
Schneider. ' The microwave apparatus used included a Pound

stabilized oscillator, 6 kc/sec crystal modulator, magic Tee, and
rectangular cavity (TE012 mode). The magnetic field was swept
through the resonance region with a period of about 7 seconds.
Figure 1 is an example of the observed absorption spectrum.

All observable structure is explained by the simple Hamiltonian

K=gPH 8+A I S,
where g is the g value of a free electron. The Hamiltonian given by
Bleaney and Ingram' for the Mn++ ion in crystals reduces to this
form if spherical symmetry is assumed. It predicts absorption
lines (M~3f- 1) when

hu A' gP 35 ~= -5/2 " 5/2II=—A m —————nP+ m(2M —1)
gp 2 hIs 4

The term in (2M—1) gives only a broadening, with no shift of the
center of each of the hfs lines. The observed lines 6t this form with

g= 2.001+0.001 and A =95 gauss.

The g value was established by comparison with an organic radical
mounted directly on the sample capillary, and the distances of
the 6hfs lines from this reference were determined by use of a
sychronous ffip coil.' This observed g value is within experimental
error of the free electron value, the values obtained by Bleaney
and Ingram in two dilute manganese salts, the value obtained by
England and Schneider for Mn++ activators in a ZnS phosphor, s

and their value for Mn++ ions in solution. The A value differs
markedly from the 68 gauss obtained by England and Schneider
for the phosphor, but not so strongly from the approximately 100
gauss obtained by Bleaney and Ingram and the 98 gauss given by
England and Schneider for solutions. These differences indicate
that the strength of the configurational interaction which produces
the hfs depends on the ionic environment more strongly than
might have been anticipated.

Line widths have been inferred from the ratio of the depth of the
valley between lines to the height of one line, using the assump-
tion of a Lorentz line shape. These widths have been interpreted
in terms of electric and magnetic perturbations produced on the
absorbing ion by its ionic neighbors and by the sheath of water
molecules surrounding it. These perturbations broaden the energy
levels in two general ways: by causing small randomly distributed
shifts in the positions of the levels and by shortening the lifetimes
by inducing transitions. To get a quantitative dependence on
temperature, the random Brownian motion is decomposed into a
noise spectrum, ' the intensity of which depends on frequency by
the factor r./1+aPr, m, where r, is the "correlation time" of the
random motion. The 6rst general mechanism is produced by elec-
tric and magnetic 6elds with frequency components cu small com-
pared to the frequency width of the line; that is, by fields which
do not "average out" over the lifetime of a state. Thus the noise
factor approximately reduces to r„and this contribution to line
width increases with r, . The second mechanism acts through
components near the Larmor frequency. With X-band frequen-
cies, this makes cur, &1, causing this contribution to depend ap-
proximately on 1/co'r, . Since r, is proportional to rl/T, where p
is the viscosity, it turns out that the line width 8' between half-
maximum points for a given sample should be approximately
expressible in the form

+'= CI/(rt/T') +CsL~'(~/~) j
The coefficients Ci and C2 depend on the nature and concentration
of the ions in solution, and may be approximately fairly well by
linear combinations of these concentrations. Figure 2 shows the
experimental results for samples containing various concentrations
of MnCls and CaCI2 solutions. These results fit curves of the above
form as well as expected in view of the number of approximations
involved. For example, the approximation of tan ' 2r./r by 2r, /r
eliminates the observed leveling off at large r, . By holding total
ionic strength constant in three of these runs, the effect of the
magnetic ions is largely isolated. It should be noted that with
dilute solutions and high temperatures the width can be reduced






