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Recently, broad-band conductivity spectra have been taken in the low-tempergtuase of the archetypal

fast ion conductor RbAgs. Attempts to reproduce the experimental data in a simple model calculation have
led to the conclusion that strictly localized displacive movements of interacting ionic charge carriers should
play an important role in the low-temperature phase. However, with no detailed structural sju&bdils
available, the relevant processes could not be identified within the crystal structure. This state of affairs has
triggered the present investigation of the structures of all three phases of rubidium silver iodide. Powder
diffraction data of RbAgs have been collected at the high-resolution powder diffractometer at ID31 at the
European Synchrotron Radiation Facility (ESRF). The structure of{blease has been solved by successive
Rietveld refinements in combination with difference Fourier analyses. The same structural principle is found
to prevail in all three phases, interconnected distorted &tihhedra forming a three-dimensional framework,
which undergoes only displacive structural changes during.the@andfg—y phase transitions. With decreasing
temperature, the disorder in the silver sublattice is found to decrease, and a clustering of the disordered silver
ions is found to develop. In the-phase, “pockets” containing partially occupied silver sites have been identified,
and it is suggested that the localized displacive motion detected by conductivity spectroscopy is performed

by the silver ions located within these pockets.

I. Introduction

Rubidium silver iodide, RbAgs, is an archetypal member
of the class of optimized crystalline silver ion conductors with
structurally disordered silver sublatticks.

The high-temperature phase, traditionally calle®bAguls,
is cubic P4,32). Upon cooling, it transforms into the rhombo-

tional movements of the silver ions have been detected around
500 GHz. At millimeter-wave frequencies and below, the
conductivity is, however, determined by the hopping dynamics
of the mobile silver ions.

In Figure 1, we recall experimental frequency-dependent con-
ductivities of rubidium silver iodidé Vibrational contributions-
which always vary as frequency squared on their low-frequency

hedral R32) f-phase at 209 K (second-order phase transition) fiank—have been carefully removed. In the figure, the symbols

and into the trigonaly-phase at 122 K (first-order phase
transition)? Remarkably, a detailed study of the crystal structure
of the y-phase does not exist.

In a-RbAguls, both the crystal structure and the dynamics of
the mobile silver ions are rather well understdéd.A popular
way of describing the structurally disordered silver sublattice
of a-RbAwls is in terms of zigzag-shaped channels which are
formed by alternating tetrahedral silver sites, Ag(1) and Ag(2).
The channels are directed along ti@0directions and serve
as intersecting diffusion pathways for the silver ions. Per unit
cell, the cubic structure provides 24 Ag(1) sites and 24 Ag(2)
sites for 16 silver ions. The rhombohedfaphase bears close
structural similarity too-RbAguls.

Broad-band conductivity spectra extending up to infrared
frequencies have been taken in all three phases of RbAg
Immediately below the phonon frequency regime, slow vibra-
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represent the conductivity isotherms thus obtained at different
temperatures in the phasesf, andy.

The solid lines in Figure 1 are model spectra derived from
the MIGRATION concept:® The meaning of the acronym is
MiIsmatch Generated Relaxation for the Accommodation and
Transport of IONs. The MIGRATION concept and the previous
CMRS (concept of mismatch and relaxation) are identical, apart
from their respective properties in the low-frequency limiting
behavior, which are irrelevant in the present context. Excellent
agreement between experimental conductivity spectra and
MIGRATION-type model spectra has been established for many
ion-conducting materials with disordered structures including
crystals, glasses, and undercooled nfelfs.

At this point, the physical basis of the MIGRATION concept,
see Figure 2, is briefly outlined. In the model, each mobile ion
is surrounded by its mobile neighbors, which create a “cage-
effect potential” for it. Figure 2 shows a situation shortly after
a hop of an ion from the site on the left to the site on the right.
By this “initial” hop, mismatch is created, the actual position
of the ion being different from the position where it is
“expected” by its neighbors. In the following, the system tries
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T T T T T T L e hops that remain localizeéd.To reproduce the spectral shape
of the fast conductivity component, which is of the NCL (nearly
constant loss) typ&14it was essential to consider (Coulomb)
interactions between the ions involved in these localized
movements. Inclusion of the NCL-type component was also
found necessary to model the entire frequency-dependent spectra
in glasses and salt-in-polymer systethd® Final evidence
proving that localized ionic hopping within “pockets” or
“islands” is, indeed, to be expected in the low-temperature
phases of RbAgs has now been obtained from new structural
information, in particular on the-phase, see below. In fact,
this is one of the rare examples where a structural property has
2 113K - been correctly deduced from the dynamics prior to its verifica-
A AN BT tion by actual structural investigations.

log,,(v/Hz) Another feature in Figure 1 that needs to be explained
concerns the translational transport of the silver ions. At the
RbAgls, in its a, 8, andy phases. The vibrational contribution to the ﬁ_V phasg transmon, we ob.serve an |ntere§tlng discontinuity
conductivity has been removed. Solid lines result from the MIGRA- I the scaling behavior, that is, the straight lines that mark the
TION concept. Full boxes and full circles mark the onset frequencies, onset of the dispersion in phaggandy are shifted with respect
vo = wd/27 and the frequencies corresponding to the elementary to each other by about 1.4 decades.
hopping ratesy, = I'¢/27, respectively. In botif andy phases, the In the following, we present the crystal structure of the
onset points constitute straight lines with slope one. y-phase of crystalline rubidium silver iodide. Emphasis is put
on the underlying structural principles. In light of these results,
the questions posed by the spectra of Figure 1 are then revisited
and answered in a consistent fashion.

IO s

log,((c, o]+ Qem/K)

&8

Figure 1. Conductivity isotherms of crystalline rubidium silver iodide,

single-particle route

II. Crystal Structure: Experimental Section

Powder diffraction data of RbAgs were collected at the high-
resolution powder diffractometer at ID31 at the European
Synchrotron Radiation Facility (ESRF).

An Si(111)- reflection was used to select an X-ray energy of

b 30.99 keV. The size of the beam was adjusted to @.6 mn?
using slits. The wavelength was determined to be 0.40009(5)
many-particle route A from a silicon standard. The sample of Riygvas contained

Figure 2. The two competing ways of mismatch relaxation in the [N @ 0.3-mm lithium borate glass capillary. The sample was

framework of the MIGRATION concept: single-particle route vs many- rotated around in order to improve randomization of the
particle route. crystallites. The diffracted beam was analyzed with a nine-

crystal analyzer stage (nine Ge(111) crystals separated by 2
to reduce the mismatch, which is possible along either one of intervals) and detected with nine Na(Tl)! scintillation counters
two competing routes. One is the “single-particle” route, with simultaneously. The incoming beam was monitored by an ion
the ion hopping backward; the other is the “many-particle route” chamber for normalization of the decay of the primary beam.
with the neighbors rearranging (see Figure 2). The mismatch- Scans of 15 min were taken at= 298 K (a-phase),T = 150
generated relaxation process occurring along the many-patrticleK (5-phase), and = 90 K (y-phase) in continuous mode for
route finally leads to an accommodation of the ion at its new 1 h each. They were later normalized and converted to step
site. In this case, an elementary step of translational transportscan data for values obZrom 0.5’ to 32.92, in steps of 0.002
of the ion has been successfully completed. This model concept To ensure that the phase transformations were completed and
has been expressed in a set of simple rate equations. Eventuallyto minimize the effect of decomposition, only identical scans
linear response theory is used to derive model conductivity were summed up at each temperature. For the low-temperature
spectra from functions obtained from the rate equatiéns. scans, a Cryostream 700 series cold-air blower manufactured

The problem to be tackled in this paper concerns the structureby Oxford Cryosystems was used with a temperature stability
and the ion dynamics in the low-temperature phases of rubidium of better tha 1 K in theinvestigated temperature range. The
silver iodide, and it is directly related to the spectra presented low-temperature powder pattern of RhAgat 90 K is presented
in Figure 1. Evidently, the MIGRATION concept is able to in Figure 3. The color of the sample was changing where it
describe the hopping dynamics of the silver ions very well in was hit by the beam, indicating some possible radiation damage.
the a-phase, less well in thg-phase, and rather badly in the After some time, however, the sample seemed to recover, which
y-phase. With decreasing temperature, we observe increasings not usually the case where radiation damage occurs.
differences between the experimental and the model spectra. Data reduction of the low-temperature powder diffraction
These differences are restricted to the high-frequency parts ofpattern of RbAgls at T = 90 K was performed using the GUFI
the spectra and, therefore, call for consideration of an additional program!” Starting values for the lattice parameters of RhAg
fast process, which is not accounted for in the initial formulation were taken from the paper by GelferAccording to the
of the MIGRATION concept. extinction rules, the most probable space group Wag1,

This additional fast process has now been identified. The first which could later be confirmed by Rietveld refinemet#$he
step was made on the basis of the conductivity spectra, whennumber of formula units per unit celZ(= 12 for hexagonal
the fast process in demand was explained in terms of activatedaxes) directly followed from volume increments. From the
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120000 TABLE 1: Experimental Details of the Crystal Structure
Determination of y-RbAg4ls at T = 90 K (Estimated
» 100000 & chserved paitem standard deviations are in parentheses)
¢ " yameetmmen
g 80000 B reflection positions Sp_ace gro_up . P3;21 (Nr 152)
S 60000 i unit cell dimensions
% a(h) 15.8004(1)
8 40000 c(A) 19.3347(1)
= o000 unit cell volume (&) 4180.26(6)
SO ALt e
Tt .
10000 q i |mllJl'll‘llmuﬂulul\}-'ulﬂlL|||'|\'||il‘|'|”'.'|'““&"'%-m Wavelength (A) 0.40009(4)
< 03— TP TR ®) data points ) 9000
_100004 | " range for data collectiorf) 2.0=< 20 =< 20.0
L L B S B S B B parameters 111
10 20 30 no. of reflections 1821
207 R-values
Figure 3. Scattered X-ray intensities for the low-temperatymehase Re 10.2
of RbAgls at T = 90 K as a function of diffraction anglef2 Shown Re2? 15.9
are the observed pattern (diamonds), the best Rietveld-fit profile in Rpaa 11.72
P3,21 (line a), the difference curve between observed and calculated ) Rup 16.32
profile (line b), and the reflection markers (vertical bars).A# s and X 3.27
Agl are refined as additional phases. The wavelengthiwa$.40009- aRef 20.
(3) A. The higher angle part starting at°12¥ is enlarged by a factor
of 5. TABLE 2: Positional Parameters, Isotropic Displacement
Parameters, and Fractional Occupancies ojf-RbAgals at T
literature it is known that during the 209~ phase transition, ~ = 90 K (Estimated standard deviations are in parentheses)
the maximum shift which occurs in the framework buildup by  atom wy x/a yib Zc wAz  frac
rubidium and iodide ions is below 0.1 A, while the silver ions RB(1) 3b 0.4313(18) 0.4313(18) 1/2 0.043(3) 1.0
move by a maximum of 0.3 A.lt was thus expected that at RB(2) 6¢c —0.0823(14) —0.3317(12) 0.4910(9) 0.043(3) 1.0
least the framework remains stable also for the low temperature RB(3) ~ 3a —0.2930(16) —0.2930(16) 0 0.043(3) 1.0

y-phase, allowing the crystal structure to be solved by successive:g; gg 8'?282% —0(511721471(2) 004‘;32%? 00(')%%)1) 1160
Rietveld refinements in combination with difference Fourier I3) 60 0:4444(9) _0:0773(9) 0:4560(5) 0:026(1) 10

analysis. 1(4) 6c —0.0074(7) —0.1364(8) 0.2712(5) 0.026(1) 1.0
The peak profiles and precise lattice parameters were !(5) gc 8-‘5‘232% _0052605?12(53%) Oézgggé‘(%) 06032&)1) 1-100
determined by LeBail fit¥ using the program GSA®.The 7) 6c —01177(9) 0.5505(9) 0.3371(6) 0.026(1) 1.0
background was modeled manually using GUFI. The peak @) 3a —0.2221(11) 0 1/3 0.026(1) 1.0
profile was described by a pseudo-Voigt funcéibim combina- 1(9) 3b —0.1378(10) —0.1378(10) 1/2 0.026(1) 1.0
tion with a special function that accounts for the asymmetry :8(3 2C Oégggg%) —8-%‘2“2% g-ggggg 8-8228; 1-8
H H c —0. —0. . . .
due to ?X'al qwergend@ - AG(1) 6c 0.5849(12) 0.2705(12) 0.4905(9) 0.013(1) 0.698
Two impurity phases, RiAgls*® and Agl, see, for example,  AG(2) 6c 0.3210(12) —0.2688(13) 0.4864(8) 0.013(1) 0.712
ref 24, were detected and included in the refinement. AG(3) 6c —0.4485(13) —0.3839(15) 0.7797(9) 0.013(1) 0.69

. AG(4) 6¢c 0.6453(8) 0.3600(9) 0.6252(6) 0.013(1) 1.0
The shapes of the Bragg reflections of all three phases could AG(5) 6c —0.0421(22) —0.0744(21) 0.6255(13) 0.013(1) 0.399

be adequately deSCI’ide US|ng On.ly the S.ize'depend-ent @/cos AG(6) 6c  0.4697(15) 0.6264(15) 0.2594(10) 0.013(1) 0.6
term of a pure Lorentzian distribution, ruling out strain-related AG(7) 6c —0.2659(15) 0.5498(15) 0.2907(10) 0.013(1) 0.583
sample broadening. Atomic starting parameters for the Rietveld AGES; 6c —0-20225()8) —0-1645E9g 0-260156; 0-013glg 1.0

1 i i AG(9) 6c 0.0379(8) —0.0623(8) 0.4117(5) 0.013(1) 1.0
refinement Wer_??é:alculated from tiflephase |r_R32 using the AG(L0) 6c 05727(12) 02997(12) 0.4085(8) 0.013(1) 0.704
program KPLOT?%® The background and starting values for the AG(11) 6c 0.5315(14) 05187(14) 0.2685(9) 0.013(1) 0.625
peak profile were taken from the corresponding LeBail fit. An
absorption correction for DebyeScherrer geometry was ap- TABLE 3: Selected Interatomic Distances (in A) of

plied, as well as a correction for anomalous scattering according¥-RPAgals at T = 90 K (Estimated standard deviations are

to the KEK-tableg® in parentheses)

At the beginning of the refinement, all iodide and rubidium RE" . 3.38(2) ... 3.97(2)
ions were kept fixed at their calculated positions. All silver ions F—Xg?nsm)m) ggggg
were allowed to move within the unit_ cell, and s_ites were Ag—Ag (disordered) i.49(3) ... 2.35(4)
simultaneously allowed to change their occupancies. Strong Ag—Ag (ordered) min 2.57(3)

damping factors were applied to the refined parameters. Those
silver sites that refined to almost zero occupancy were removed
while those refining to an occupancy close to 1 were fixed at jyermolecular distances and angles is given in Table 3.

full occupancy. Consecutive difference Fourier cycles revealed o ) )

possible positions for further silver ions, which were included A quantitative Rietveld analysis proved that the sample
in the refinement process. investigated consisted of approximately 894&RbAgls, 10%

Rb,Agls, and 10% Agl. The overall occupancy of the silver
sites sums up to 4.01 per formula unit, verifying that all silver

'coordinates are given in Table 2, and a selection of intra- and

At the time, when serious differences in the electron density
could no longer be detected, all ions were slowly released with ) X )
one overall temperature factor for each sort of them. As 1ONS were located in the unit cell by the procedure described
expected, the rubidium and iodide ions remained very close to 2POVe.
their calculated positions. The refinement converged satisfac- Rietveld refinements for ther- and S-phases of RbAgs
torily. Agreement factorsR-values) are listed in Table 1, the confirmed the crystal structures from the literattipe.
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Figure 4. (a) The cubic ka-3d) 3-connected 10-gon net (10,3). The
two interpenetrating nets are colored blue and yellow. (b) Cubic (10,3)
nets of Figure 1 with isosurface.

Ill. Crystal Structure: Results and Discussion

As a characteristic feature, the crystal structure of RibAg
can be separated in a virtually rigid part consisting of rubidium
and iodide ions and the more-or-less disordered silver ions.

The rigid part is formed by distorted Rpbctahedra, which
are interconnected by their 6 corners leadingRbl].. This
[Rbk]. framework contains hexagonal channels, in which the
two remaining iodide ions, which are not part of tHeb].
scaffold, are located close to the walls of these channels.

The structure of the rigidRbk]. network and the partial
structure containing the dynamically disordered silver ions
topologically correspond to two pairs of three-dimensional

J. Phys. Chem. A, Vol. 110, No. 9, 2008013

14,32 | ideal {10,3}net

o-RbAg [,

a-b, b-c, a+b-c
1/8,1/8,1/8

R32 ﬁ 'RbAgAIs

k=3

P321| y-RbAg,l;

Figure 5. Group—subgroup relationshipsrelevant for RbAgls; t =
translationengleich, k= klassengleici°

1/3,1/3,0

Eg

nated Ad* cations (2.52 A) are regarded as ordered, while those
on sites with mutual distances below 2.52 A are identified as
disordered. Although jumps of silver ions between well-
separated sites are possible, disordered silver ions play the
prominent role in explaining the high conductivity of RbAg

In the high-temperature-phase of RbAgs, the silver ions
are highly disordered, with short contacts existing between 90%
of the available sites. Altogether, they form a three-dimensional
arrangement (Figure 6a), thus explaining the high ionic con-
ductivity of this phase.

With decreasing temperature, the disorder of the silver ions
is found to decrease. In the medium-temperafisghase, the

networks of the same generic symmetry and can be describedsilver ions are separated in two extended clusters, running along

by two interpenetrating 10,3 nets28 see Figure 4a.

The silver ions, a temperature-dependent fraction of which
are disordered, occupy different positions within the channels
of the [Rbk]. framework, as will be discussed in more detail
below. No unreasonably short contacts were found within the
[Rbk]. entity or between the silver ions and the atoms of the
[Rbk]. partial structure. By calculating and drawing the zero

the trigonalc-axis. Now, uninterrupted short contacts only exist
within but not between the clusters (Figure 6b), which suggests
high ionic conductivity only in one preferred direction along
the c-axis.

Finally, in the low-temperaturg-phase, only a few short
contacts exist (Figure 6c). In contrast to the other two phases
at higher temperatures, these short distances are restricted to

potential surfaces, one is able to generate a space divideligg|ated clusters [Ag(6YAg(11)-Ag(3)—Ag(7)], [Ag(2)—Ag-

separating the silver part from thRk]. part of the structure
(Figure 4b).

During the phase transitions from culiieRbAgls (P4132)
to rhombohedraB-RbAgils (R32) to trigonaly-RbAguls, the
space group symmetry is significantly reduced. At the same

time, however, only displacive structural changes are noticeable

within the Rbk-part of the structure. This offers the opportunity
of displaying the structural relationships by a sequence of
maximal group-subgroup relations, limiting the possible space
groups fory-RbAguls to eitherP321 or P3;21. By applying

the extinction rules and by preserving the interpenetrating (10,3)-
nets, it turns out that the correct space group fontihase is
P3;21 and notP321 as suggested earlfer.

The group-subgroup relationships, starting from an ideal
(10,3)-net are illustrated by a so-calledrBighausen-treé’ see
Figure 5. Amazingly, AgMn3Os, although a compound of quite
different chemical nature and composition, shows the same

general structural properties, including the identical sequence

of phase transitions from cubic via rhombohedral to trigonal
space groupdt

The overall topology of RbAgs as described above is
maintained in all three modifications (Figure 6). The most

(1)—Ag(10)—Ag(7)] which are not interconnected (Figure 7).
The short distance of 2.1 A between disordered Ag(5) and
ordered Ag(9) suggests a further symmetry reductio®3g
This was, however, not pursued any further, due to instabilities
in the three-phase refinement from powder diffraction data.

IV. Hopping Dynamics of the Silver lons

Knowing the structures of all three phases of rubidium silver
iodide, we may now correlate structural and dynamic data at
different temperatures. Here, the low-temperajuphase is of
particular interest. In the case pfRbAgls, it is important to
distinguish silver-ion movements that remain localized and
others that are “potentially translational” in the sense of the
MIGRATION concept. The former are supposed to occur within
the clusters of partially occupied sites that have been described
above, while the latter require sites that are interconnected,
forming passageways. Figure 8 serves for visualization, showing
the “clusters” or “pockets” or “islands”, each of them surrounded
by corner-sharing distorted Rpbctahedra.

About 58% of the silver ions are located within these pockets,

pronounced structural changes, including the phase transitionsWhile the sites for the remaining 42% form a three-dimensional

occur within the silver partial structure. Two groups of silver
ions can be identified. Those on sites with mutual distances
greater than two times the ionic radius of octahedrally coordi-

network extending throughout the crystal volume.

In Figure 9 we reconsider the conductivity spectrum taken
at 113 K within they-phase, see Figure 1. The complete model
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Figure 6. Projection of the crystal structures @fRbAgls at T = 295 K along [111] (a)5-RbAgils at T = 150 K along [001] (b);-RbAgls at T =
90 K along [001] (c). The upper part of the figure shows tR&H].. framework plus intercalated iodide ions without silver ions, while the lower part
shows the silver ions within a down-scaled framework.

N
[

; . 2083
I ¥ y 1.690
Figure 7. Projection of part of the crystal structures @fRbAgls at T = 90 K along the trigonal channels showing only the isolated groups of
disordered silver ions.

spectrum, which is also included in Figure 9, now consists of One of themowic(v), is based on the original version of the
two components: MIGRATION concept and was already shown in Figure 1. The
other, oLoc(v), has been obtained from a modified version

describing the localized hopping motion of interacting ionic

Ohor¥) = Oy (V) + 0 oc(v) (1) charge carrier$? As the total model spectrum fits the experi-
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o 129K
2 113K
1.5 o 103K o i
o &

log,(0/0y,)

6 510 12 14
log,o((v/ Hz) / (04, T- Q- cm/K))
Figure 10. Scaled representations of conductivity isotherms of RbAg

above and below th8—y phase transition. The figure proves that the
Summerfield scaling is fulfilled within the-phase.

Depending on the choice &foc, the value o, oc turns out
EigégeKsé Izﬁfs?ﬁgg‘éﬁi‘éieﬁhg gt"r% r?r)llStSilsstgrL:gtiurlgﬁigﬁged(frgt;e to be one-fifth to one-quarter of the number density of all silver
shown in Iigh?blue. Gra); and purplegs)r/)heres represent interstitial silver lons coln.talned 'n. the pockets..ln V'.ew Of the occupancies of
positions and nonbonded iodide ions, respectively. the positions available for the silver ions, it appears reasonable
to regard mobile vacancies rather than ions as carriers of
I B B B B T T T effective charge within the pockets.
- O expt, non-vib. - 113K vll vzi 1 The dynamic information contained in the spectrum of Figure
4 |- Tﬂﬁg‘:{mﬁm 9 may also be used for estimating the fraction of silver ions
<=+ NCL, model that are translationally mobile. The relevant expression is similar
,,,,,,,, to eq 2, but now contains the respective parameters for
T MIGRATION-type hopping motion. As a result, we find slightly
_ less than one mobile charge carrier of this kind within a unit
cell. Again, these charge carriers have to be regarded as mobile
vacancies carrying effective charge. The fraction of vacancies
1 being so small, they have eluded detection in our structural
‘ _ investigation.
S i Interestingly, the fraction of vacancies on the three-
IR i dimensional silver network iny-RbAgls is found to be
5 6 7 8 9 10 1 independent of temperature. This can be concluded from the
log, o(v/Hz) scaled representation of Figure 10 where the low-frequency parts
Figure 9. Nonvibrational conductivity spectrum gtRbAgls at 113 of three differenty-phase spectra have been superimpé3éd.
K (circles), along with a model spectrum (solid line). The spectrumis  syperposition of this kind, known as Summerfield scafifg,

decomposed into its MIGRATION and NCL components. Arrows at ;. : - :
frequencies; andv; indicate the lower and upper limits of the regime indicates that the transport mechanism (including the number

where the conductivity varies linearly with frequency. of mobile charge carriers) is preserved as the temperature is
changed.

mental data very wellg oc(v) appears to be the conductivity Figure 10 also includes the low-frequency section of one

component that was missing in Figure 1. p-phase spectrum. With respect to thephase spectra, we

For reproducing the experimental data, best results are©OPserve an offset of about 1.4 decades on the normalized
obtained with elementary hopping ratd%, that are identical frequency scale. This cprrgsponds to the discontinuity of 1.4
for localized and potentially translational hops. The correspond- decades already noted in Figure 1. Because~1ldg;o25, we
ing frequencyy, = To/27, has been marked in Figure 9. Itis have
interesting to note that a different behavior has been found in

an ion-conducting glass, where the localized hops are much (MvieXwic s =~ 2506 Xuc’), 3)
faster and thermally less activated than the potentially transla-
tional onest® Here, nyic andxwic denote number densities and elementary

The localized ionic hopping motion detected in the frequency- hopping distances pertaining to the MIGRATION-type hopping
dependent conductivity is now identified with the displacive motion. The ratio of the squares of the hopping distances in
movements performed by disordered silver ions within their the two phasesx(uc?),/(xwc?)s is clearly larger than one,

isolated pockets. probably close to two. As @-phase unit cell contains slightly
A simple argument may be used to estimate the number less than one MIGRATION-type vacancy per 48 silver ions,
density of localized mobile charge carrienspc. Let o oc HF eq 3 implies that, in thg-phase, the majority of the silver ions
denote the high-frequency limiting value ofoc(v) and X oc have to be regarded as disordered, contributing to macroscopic
the elementary hopping distance for localized hops. Thef transport. Clearly, this is in agreement with the results of our
may be obtained from structural analysis. However, there also seems to be some
localized displacive motion in thg-phase, see Figure 1 and
(ex 0)2 ref _12. o o _
OLochE= Noc X zodd T, ) Finally, it is worth mentioning that the anisotropy of the
' Bk T translational silver-ion motion suggested by the structure of
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B-RbAgils cannot be detected in the conductivity spectra of (4) Johnston, W. V.; Wiedersich, H.; Lindberg, G. W.Chem. Phys

; ; : : 1969 51, 3739.
Figure 1, the material used being polycrystalline. (5) Geller, S.Phys. Re. B 1976 14, 4345.

. (6) Funke, K.; Biekner, S.; Cramer, C.; Wilmer, Dl. Non-Cryst.
V. Conclusion Solids2002 307—310, 921.
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motion. 15?%1) Lu, X.; Jain, HJ. Phys. Chem. Solidk994 44, 1433
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understanding is, however, provided by the present structural Thesis, Munster, 2005. ,
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aesthetic point of view. A common structural principle is found (24) Berthold, H. J.; Kaese, P. N Krist. 1989 186, 38.
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