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NEUTRON SCATTERING STUDY OF THE SOLID ELECTROLYTE: RbAg4I5
S, M. Shapiro and D. Semmingsen ‘

Physics Department, Brookhaven National Laboratory*
Upton, New York 11973

and
M. Salamon?

University of Illinois, Urbana, Illinois 61801

Neutron scattering experiments were performed on RbAg,Is in order to
probe: 1) The lattice dynamics above and below the phase transition

at T, = 208.5K; 1i) The temperature dependence of the Ag+ occupancies
below Ty and 1ii) The diffusion of the Agt ions. No anomalous soften-
ing of the elastic constant C,, was observed as had been reported by
ultrasonic studies. Careful examination of the phonon intensities above
and below T, suggest that the transition is discontinuous. The behavior
of allowed reflections below T, mirror the temperature dependence of the
Agt occupation factors. A broad overdamped excitation is observed
throughout Q-space and becomes a propagating mode as the temperature is
decreased. Nothing critical happens at Ty or Tj.

* Work at Brookhaven performed under the auspices of the U.S5. Energy
Research and Development Administration.

# Work supported in part by the National Science Foundation.
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RbAg,Is is an important Ag' based solid
electrolyte since at room temperature it has one -
of the highest conductivities of all solid elec-
trolytes.* It is also known that RbAg,Is under-
goes two phase transitions?: 1) At Ty = 208K,
there is an abrupt change in the slope of the
conductivity versus temperature and many proper-
ties exhibit a lambda—like behavior. The symme-
try changes from cubic (o7 -P4132 or 06-P4332) for
T > Ty to rhombohedral (D3 -R32) with very small
changes. in atomic positions.3 The most signifi-
cant differences between the two phases is the
redistribution of the 16 Ag'T fans over the 56
allowed sites.d 11) At T; = 122K there 1s a dis-
continuous reduction by a factor of ~ 100 in the
ionile conduccivicy related tu a woure orderad
structure ot the Ag ions in the low remperature
phase. The symmetry is not completely known at
this stage but is trlgonal the most probable
space group being D3 2.p321.3

By studying the changes in lattice dynamics
at T2 and T3, one may correlate any changes
directly with the behavior of the Agt catioms.
Several Raman studies®,3 of RbAg4Is revealed no
large changes in frequency at Tg or Ty. The major
change is the appearance of additional lines
below T where the selection rules are modified
due to the tripling of the unit cell. In fact
it has been emphasized4 that the Raman spectra
are remarkably simple and almost featureless.
This is surprising when you consider that there
should be 120 vibrational modes! The major
critical dynamical feature thus far observed was
the ultrasonic investigation of C44 which showed
an anomalous softening and increase in damping
near Tj. The purpose of our present investiga-
tion is to explore by neutron inelastic scatter-
ing the observed softening and search for other
dynamical effects which we can relate to the
changes in ionic conductivity.

The crystals used in this experiment were
grown from solution and had a volume of ~ 0.25
cm.3 The crystal was mounted in a variable
temperature cryostat with the [110]-axis perpen-
dicular to the scattering plane. All measure-
ments were made on a triple axis spectrometer at
the Brookhaven National Laboratory's HFBR with
an incident energy of either 13.7 or 5.0 meV.

Figure 1 shows a high resolution spectra of
the [100]-TA above and below Ty. The polariza-
tion of this mode is along the [011] direction
and corresponds to the elastic comstant Cuy- No
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observable shift is detected within an estimated
detectability of 0.02 meV. e momentum trans-
fer, q = 0.075a* (a* = 0.56 ~1) was the minimum
q we were able to measure without being contami-~
nated by the strong elastic Bragg scattering.
The valué of C,, obtained is C,, = 0.51 + .05 x
1011 dynes/cm? which is in agreement with the
high temperature ultrasonic measurements.® The
observed softening in the ultrasonic measure-
ments most likely are due to very long wavelength
strains which are beyond the capabilities of
neutron scattering measurements. One must also
consider that the apparent softening of C44 could
be due to the effects of domains interacting with
the ultrasonic pulses.

The most striking feature of Figure 1 is
the change in the phonon intensity as the sample
is cooled below Ty. This is most surprising
- since there is no change in frequency and can
only arise as a result of a change in structure
factor of the fundamental Bragg peak, (222),
about where this phonon was measured. Figure 2
shows the temperature dependence of the phonon in-
tensity in the vicinity of T3. The abrupt change
in intensity and the observed hysteresis are
strong evidence of a first order phase transition.
This has been predicted on the basis of mean
field theory but has hitherto been uncbserv-
able.? 1In fact most earlier evidence suggested
a continuous transition.

Because of the change in symmetry many
Bragg peaks show large changes in intensity at
the phase transition. New Bragg reflections
also appear because of the lower symmetry. Ex-
plicitly, for T > Ty in the cubic phase, the
reflections of type (h00) with h # 4n are for-
bidden but become allowed in the low temperature
phase. Figure 3 shows the temperature dependent
behavior of the intemsity of two such reflections.
A monotonic, almost linear increase in intensity
below Ty is observed. Also there is a slight in-
crease in intensity on cooling just above T,.
This behavior 1s very suggestive of an order para-
meter. The quantity representative of the order
parameter is the fractiomal occupancy of the Ag+
ions amongst the 56 allowed sites.’ Because of
the large number of different sites available in
this intermediate phase it is difficult on the
basis of these two reflections to determine which
site occupancies contribute to these reflections.
A more complete structure analysis at several
temperatures is required. Some interesting facts



nonetheless emerge. The appearance of some
precurser critical scattering just above Ty is
consistent with the optical studies which

showed some birefringence in cubic phase near
T5.8 Within the instrumental resolution,

(SQpwmM 0.0ZA'l) no q width was observed which
says that any correlation amongst the diffuging
silvers is over distances greater than~ 100A.

A search for a soft optic mode or some
dynamical effects related to the phase transi-
tion was made. No soft mode was observed in
the Raman scattering measurements.%:5 We looked
in several Brillouin zones within the energy
range of 0 - 5 meV, At room tomperature a broad
feature centered around fiw = 0 with a 6.0 meV
full widtli at half maximum was obeerved at evary
point studied. The Inteusity was also greater
for the larger momentum transfers. As the temp-
erature is lowered (Figure 4) a propagating mode
becomes visible with iw ~» 2.8 weV. Figure 4
shows the spectra at 5 = (0, 5.7, 5.7), a posi-
tion in Q space where the intensity of. the
acoustic mode would be very weak, No critical
change in linewildth or intensity occurs at either
T2 or T;. Instead the behavior seems to depend
more upon the absolute temperature than on temp-
erature differences from the transition tempera-
tures. Because a similar feature is observed at
several unrelated Q values we tend to interpret
this as an Einstein-like excitation related to
the Agt ions moving in an uncorrelated fashion.
One of the few prominent features in the Raman
spectra of RbAg4Is5 is_a broad feature centered
around fw v 2.5 meV,> nearly the same frequency
observed in the present experiment. On the basis
of polarization studies this was presumed to be
due to vibrations of the Ag™ ions within an im-
mobile cage set up by the I~ ionsd

We are currently continuing these measure-
ments to probe in more detail the temperature
and Q dependence of this excitation.
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FIGURE 1

FIGURE 2

FIGURE 3

FIGURE 4

FIGURE CAPTIONS.

Inelastic spectra of a TA mode propagating
along [100] and polarized along [011] above
T2(+) and below T, (a).

Temperature dpendence of the peak intensity
of the phonon shown in Figure 1.

Temperature dpendence of the intensity of
(600) (+) and (700) - (e) Bragg peaks. These
peahs are forbiddem by symmetry above T .

Inelastic spectra at Q = (0, 0.57; 0.57) for
T=250K> Tz(e'), Tl e T = 205 I « Tz(‘i‘), and
T = 115K< T1(a). )
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