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Temperature dependence of the Raman depolarization ratio in a-Agl
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In this note we present the relevant results of a detailed study of the temperature dependence
of the depolarization ratio of Raman scattering in superionic Agl. We confirm previous data of
Raman intensity showing an order-disorder transition at 430°C.

In recent work! on the temperature dependence of
Raman spectral intensity in a-Agl, we have presented
corroborating evidence for an order-disorder-type
transition, occurring at about 430 °C. The existence
of such a transition has already been conjectured on
the basis of thermodynamic data and calculations.?3
Although it is common in the literature*~% to assume
that the Agl sublattice ‘“‘melts’’ at the superionic
transition temperature, and that thereafter the Ag
ions move quasifreely within the cage of the cubic
iodine sublattice, the Ag ions in the a phase still re-
tain some degree of local ordering. This residual
correlation of Ag ions is due to the nonrandom occu-
pation of the 42 crystallographic sites available to Ag
in the Oy space-group structure of the iodine cage.’
The order-disorder transition at 430 °C [also observed
in RbAgls at 208 K (Ref. 8)] would correspond to
the complete randomization of the Ag ions over all
the available sites. In our previous work! we have
shown that the depolarized one-phonon density of
states, which dominates the Raman spectrum in a-
Agl, rapidly decreases in intensity as the temperature
of 430 °C is approached. We had interpreted this
result as evidence for the loss of polarizability anisot-
ropy on the local level, due to the randomization of
Ag positions about the iodine ions taking place in the
neighborhood of 400—430 °C.

In this note we present further evidence which
confirms our interpretation and therefore the ex-
istence of an order-disorder transition in the ‘‘melt-
ed”’ Ag sublattice.

We have measured the spectral dependence of the
degree of depolarization of Raman spectra as a func-
tion of temperature in the superionic phase of Agl.
The experimental details of our measurements have
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already been described in Ref. 1. The polarized Ra-
man spectra were taken in a backscattering geometry:
Z(YY)Z for I(w) and Z(YX)Z for I,(w), where Z
is the ¢ axis in the 8 phase of Agl (wurtzite struc-
ture). The depolarization characteristics of our
measuring apparatus were determined by viewing the
light elastically diffused by a piece of paper placed at
the sample site, upon excitation with an ordinary fila-
ment lamp. Using a quartz polarization scrambler be-
fore the entrance of the double monochromator, we
found that the degree of polarization of the scattered
light was less than 1%: thus at the precision level of
our measurement, our apparatus did not introduce
any spurious polarization. We have checked further-
more to determine whether the temperature variation
of the Raman depolarization ratio might be influ-
enced by macroscopic changes taking place in the
sample. For this we followed the behavior of the
depolarization ratio of the elastically scattered and re-
flected light at zero-frequency shift. In our previous
work we had already verified that the intensity of
such light did not vary in temperature; we have
found that the same holds true for the relative depo-
larization ratio. Thus the macroscopic optical charac-
teristics of our sample were found to be temperature
independent in the range of interest here. Further-
more no sample degradation occurred, as shown by
the reproducibility of our data over repeated cycles.

In Fig. 1 we show the Raman spectra taken at
170°C (i.e., about 23 °C above the superionic transi-
tion temperature) and 430 °C. The spectra were tak-
en over the frequency range 7—165 cm~!. From
these spectra it is clear that /,(w) is nearly equal to
I(w) for all frequency shifts, as 170 °C, thus yield-
ing a frequency-independent depolarization ratio
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FIG. 1. Experimental Raman spectra from 7 to 165 cm™!
in two polarizations. Dots are in Z (YY) Z geometry; solid
lines are in Z(YX)Z geometry. Note the inversion of in-
tensity at the two different temperatures.

p=1,/1))) approximately equal to unity. At 430°C
I, is smaller than I, by about 30%, yielding p =0.7;
furthermore a noticeable deviation of p(w) from this
value at low frequencies may be observed. This
difference in the frequency behavior of p(w)
between 170 and 430 °C may have deeper dynamical
causes;, however, if we consider that it takes place at
low frequencies (w; <15 cm™!) and that it becomes
noticeable at 430 °C, where the Raman intensity has
decreased by about one order of magnitude from the
value observed at 170 °C, then the most likely cause
of the discrepancy is the instrumental tail of the
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FIG. 2. Plot of the depolarization ratio /,/I, at increasing
temperature from 170 to 430 °C.

elastically scattered light, which instead remains con-
stant in intensity in this temperature range. Thus we
consider the slight frequency dependence of p(w) at
430 °C to be spurious and use for p the average value
for =20 cm™.

In Fig. 2 we report the behavior of p versus tem-
perature. It may be noticed that p =1 until about
330°C; above this temperature p begins to decrease
towards the value of about 0.7 at 430 °C.

We have already shown! that there is no softening
in the Raman spectral distribution as a function of
temperature; thus, as for the case of the intensity,
the changes in the depolarization ratio reported here
must be connected with changes in the local ordering
of the Ag ions. The iodine sublattice has fcc cubic
structure; therefore we expect that its contribution to
the total Raman polarizability may be neglected com-
pared with the contribution due to the motion of the
Ag? ions relative to the iodine ions. Thus when the
local correlation—and hence polarizability anisot-
ropy—in the Ag ‘“‘melted” sublattice decreases and
finally disappears at about 430 °C, the depolarization
ratio must tend to the value characteristic of totally
depolarized scattering from an isotropic fluid, i.e.,
p= % This expected behavior is clearly verified by
the experimental data reported in this note.
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