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are somewhat larger than the effective radius of
the water molecule (1.40 A) and some distortion
of the local structure would accompany sub-
stitution. Each substitution would tend to inject
up to 2 D defects into the lattice. Such a mech-
anism of defect formation would account for
the unexpected breadth of the dispersion loci
and for its large temperature dependence (last
section), as well as for the differences between
the activation energies and entropies of the two
hydrates. It is consistent with the volumes of
activation.

It is instructive to compare the effect of
impurities, including air, on the relaxation of
ice I. For “slightly impure” ice, logtvs. 1/T
plots show curvature toward decreasing slopes
at low temperatures in both dielectric (11) and
spin-lattice (28, 29) relaxation time measure-
ments. In the dielectric case, additional absorp-
tion appears at relatively high frequencies to
broaden the dispersion loci. Impurities clearly
act as sources of orientational defects, the effect
of which is not purely local since the whole
relaxation spectrum is shifted to higher fre-
quencies. At low enough temperatures defects
so originating outnumber those arising intrinsic-
ally in ice and the activation energy and entropy
become appreciably smaller.

Since argon and nitrogen hydrates have nearly
the same relaxation times as ice I at 0 °C, about
the same fraction of normal bonds is converted
to defects, i.e. about 3 x 10”7, The impurity-
induced defects must be more numerous than
the intrinsic defects or the activation energy
would be temperature dependent.

This semiquantitative discussion has neglected
the differences between the different “‘ice”
structures and between the D and L defects,
and is by no means complete. It does, however,
serve to explain in a general way the dielectric
behavior.

The lattice impurity mechanism suggested for
argon and nitrogen hydrates would not be
expected to determine the rate of defect forma-
tion in the hydrates of much larger molecules
which would substitute with more difficulty.
Relaxation in SFg hydrate is considered in the
following paper (25).
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