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a completely random distribution of all possible otien-
tations of the paramagnetic species.®® This condition is
usually fulfilled in a glassy sample or in a polycrystalline
sample consisting of crystallites below a certain size
only. If, however, one single crystallite or an orien-
tated domain of the frozen solution exceeds a certain
fraction of the total mass of the sample, the contribu-
tion of this single crystallite would no longer be in-
finitesimal. Consequently it will produce additional
discrete lines in the esr spectrum. It can be easily
estimated that crystallites comprising only 19, of the
total sample show lines comparable in intensity with
the weak lines of a true powder spectrum. This ‘“‘single-
crystal effect’” can be unambiguously proved by a check
of the anisotropic behavior of the esr spectra. Clearly
the position of the discrete lines of the crystallites will
depend on the direction of the magnetic field with re-
spect to the sample, 4.e., with respect to the orientated
domains.

We have carried out this experiment with a sample of
Cu(dbm), showing the ‘“‘anomalous’’ hyperfine pattern.
Figure 1 shows two spectra of the same sample. Trace
B was obtained after a 90° rotation of the sample tube
within the cavity. The observed strong directional
dependence clearly proves the “single-crystal effect’’ of
this sample.

Another indication that the ‘‘single-crystal effect”
is responsible for the occurrence of additional lines is the
irreproducibility of the detailed pattern of the spec-
trum. We observed highly different structures after
each thawing and refreezing of the sample.

Furthermore, only very unusual radical species with
large spin density on the copper atom could give rise to
absorptions in this part of the esr spectrum. Organic
radicals could not be responsible,

The findings of So and Belford can be rationalized
in the following way: A mnormal spectrum was ob-
served by dissolving Cu(dbm), in commercial grade
chloroform. Upon freezing this solution a truly glassy
sample is obtained due to impurities in the solvent
which inhibit a crystallization of the solution. Upon
boiling certain impurities are removed and a purer
sample is obtained. This solution crystallizes upon
freezing, forming a matrix with ‘a higher degree of
order. Now, a number of domains contribute in a
nonrandom way to the spectrum, giving rise to the
“anomalous” lines, After addition of toluene, a less
ordered matrix is obtained. We were able to show
that the occurrence of the ‘‘anomalous’ structure de-
pends only on the purity of the solvent and has no rela-
tion to the thermal treatment of the sample, Our
samples, prepared with highly purified chloroform, gave
always the complicated structure without ever heating
the solution above room temperature.

A more thorough discussion of the conditions for the
appearance of the ‘“‘single-crystal effect” will be pub-
lished in a separate paper.*

All esr measurements were made with a standard
Varian E-9spectrometerat X-bandfrequenciesat 100°K.
Reagent grade chloroform was used as the solvent.
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Anomalous Structure in Electron
Paramagnetic Resonance Spectra of
Polycrystalline Copper Complexes

Sir:

In the preceding letter,! Fierz and von Zelewsky
offered an extremely attractive explanation for the
complex structure found?? in frozen-solution epr spec-
tra of boiled chloroform solutions of copper bis(di-
benzoylmethane) (Cu(dbm);). In their view, the
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Figure 1. Electron paramagnetic resonance, X-band at
—80° of coarsely powdered Pd(dbm). single crystals with
8Cu as a dilute substitutional impurity. Upper trace: magnetic
field perpendicular to axis of sample tube, arbitrarily oriented.
Lower trace: conditions identical to those of upper trace but
magnetic field rotated about axis of sample tube by 90°.

solvent crystallizes in large grains with the chelate
molecules trapped in an oriented, magnetically dilute
array, and there are not enough of these granules,
randomly oriented, to merge the grain spectra into the
classical glassy-state type of spectrum. If this ex-
planation is correct, coarsely ground magnetically
dilute Cu(dbm), should produce an epr spectrum of
similar appearance and angular variation. We have
ground dilute crystals of %Cu doped into Pd(dbm),?
to a coarse powder having crystallite sizes ranging from
~10~% mm?® downward. Figure 1 shows epr spectra
of this sample loosely packed into a quartz tube, for
two rotational orientations of the magnetic field. In-
deed, the spectra resemble those of the frozen CHCl,
solutions (boiled?? or purified!) and furthermore vary
as the sample tube is rotated, as the frozen solutions
do.! Therefore, we completely concur with the inter-
pretation offered by Fierz and von Zelewsky.! This
finding has some interesting and possibly practical
implications. Since suitable isomorphous diamagnetic
host crystals are often unavailable for specified para-
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magnetic subject molecules, it would be very useful to
be able to grow crystallites of various solvents con-
taining magnetically dilute oriented solute molecules.
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