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The Interpretation of Neutron Powder Diffraction Measurements on a-Agl
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Abstract

Recent neutron powder diffraction measurements on a-
Agl by Wright & Fender [J. Phys. C (1977), 10, 2261-
2267] have been reanalysed using conventional least-
squares analysis of the integrated Bragg intensities and
have been shown to be consistent with other recent
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neutron diffraction measurements and with recent
extended X-ray absorption fine structure (EXAFS)
measurements. It is concluded that, although the
distribution of silver ions within the unit cell can be
modelled by locating isotropically vibrating ions in a
number of crystallographic sites with partial oc-
cupancy, the most appropriate model is one in which
the silver ions are located entirely in a single site but
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have significant anisotropic harmonic and higher-order
components in their thermal vibration.

Introduction

The structure of a-Agl is of particular interest because
of its superionic conductivity, but until recently
diffraction studies of this material have been restricted
to powder samples because of the difficulty of
preparing single crystals. As a consequence of the large
temperature factors, particularly for the silver ions, the
number of Bragg intensities which can be determined
from a powder diffraction study is severely limited and
a number of different ‘static’ models have been
proposed for the distribution of silver ions in the unit
cell (see, for example, Strock, 1934, 1936; Hoshino,
1957; Biihrer & Hilg, 1974; Wright & Fender, 1977).
These models consider the silver ions to be distributed
over a number of possible sites with isotropic harmonic
thermal vibrations. However, recent extended X-ray
absorption fine structure (EXAFS) measurements by
Boyce, Hayes, Stutius & Mikkelsen (1977) have proved
to be inconsistent with these proposed models, since
they indicate that the silver-ion distribution is best
accounted for by a jump-diffusion model. Hoshino,
Sakuma & Fujii (1977) have therefore analysed new
neutron powder diffraction data for a-Agl and con-
cluded that both these and the earlier X-ray data of
Hoshino (1957) are well explained by a model,
consistent with the EXAFS results, in which the silver-
ion distribution is described in terms of a single tetra-
hedrally coordinated equilibrium site with appreciable
harmonic and higher-order anisotropic components in
the thermal vibrations. Also, following successful
nucleation of single crystals, Cava, Reidinger &
Wuensch (1977) have recently carried out a single-
crystal neutron diffraction study of a-Agl in which they
were able to use a similar model. Support for such a
model is also provided by a molecular-dynamics study
by Vashista & Rahman (1978).

Neutron powder diffraction data

Apart from that of Hoshino et al. (1977), the most
recent powder diffraction study of a-Agl is that of
Wright & Fender (1977), also using neutrons. These
authors analysed their data using the profile refinement
method, developed originally by Rietveld (1969), which
we have since shown gives incorrect results for these
data (Sakata & Cooper, 1979). The main criticism of
this method arises because the standard deviations of
the parameters are calculated incorrectly. However, its
usefulness for this type of problem is also restricted,
since it is not easy to introduce higher-order cumulants
into the structural model. Since the diffraction pattern
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in this case consists of a number of well resolved peaks,
there is no reason why a more appropriate analysis
based on the integrated intensities cannot be carried
out. Wright & Fender published the necessary in-
tegrated intensity data for their measurements at 453 K
and we have therefore analysed these using a conven-
tional refinement method, capable of including higher-
order cumulants in the model.

The structure of a-Agl is based on the space group
Im3m and, with the iodine ions located at the 2(a) sites
(0,0,0), the possible sites which have been considered
for the silver ions are: 6(b), (0,3,3); 12(d), (,0,3);
24(g), (x,0,4) and 24(h), (x,x,0), with the two silver
ions distributed over the sites appropriate to each
particular model. The location of these sites is illus-
trated in Fig. 1. Although the 12(d) site is the only
reasonable single site, other models have been proposed
in order to account for the inadequacy of the 12(d)
model on its own if isotropic harmonic thermal
vibrations are assumed. In particular, the 24(g) model,
which corresponds to a splitting of the 12(d) site with a
displacement along the x axis, allows for anisotropy in
the harmonic thermal vibrations of the ions in the 12(d)
site and inclusion of the 6(b) and 24(h) sites with the
12(d) site, as for example in the Strock model, may
allow for other anisotropic features.

Wright & Fender (1977) analysed their data on the
basis of six models, including the Strock model and
models with isotropic (harmonic) silver ions in each of
the four possible sites separately. Only the 12(d) and
24(g) models gave reasonable results. We have
reanalysed their data with conventional integrated
intensity refinement using the Harwell TAIL.S program.
The 12(d) and 24(g) models gave results similar to
those obtained by Wright & Fender, with R(/) values
of 8.3 and 4-7% respectively, although different values
were obtained for the derived parameters and their

O 6) e 24()) x=033
x 12d) o 24(z) x=0.30
o 24(h) x=0.39

Fig. 1. Distribution of possible Ag sites within the (001) face of the
unit cell. I ions are located at the corners of the face.
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standard deviations (see Table 1 and Sakata & Cooper,
1979).

The 24(g) model and the inclusion of the 6(b) sites in
the Strock model both simulate increased thermal
vibration of the ion in the 12(d) site at (},0,}) along the
x axis. The inclusion of the 24(h) site in the Strock
model simulates a further increase of the thermal
vibration of the ion in the 12(d) site towards neighbour-
ing 12(d) sites. Analysis of the powder data in terms of
a model with the majority of the silver ions located in
the 12(d) sites but with an additional partial occupancy
of a 24(h) ‘window’ site gave an R(J]) value of 3-19%,
with a value of x = 0-385 (7) and a site occupancy of
0-84 (23). This is therefore a better model for the
powder data.

Because of the larger number of reflections available
in the single-crystal data Cava, Reidinger & Wuensch
were able to analyse their results in terms of an
anharmonic model, in which the silver ions are located
only at the 12(d) sites, but several higher-order
anharmonic terms are included in the representation of
their thermal motion. This model has 11 parameters, so
that even for the single-crystal analysis the number of
data is little more than twice the number of param-
eters, but since there are only 9 powder data it is clearly
out of the question to use such a complex model for the
latter. However, we have nevertheless considered the
more significant thermal parameters in order to test the
consistency of the two sets of data.

Introduction of anisotropy for the harmonic B factor
for silver, with B,, = B;; # B,, and all other B;; = 0,
gave a reduction in the R(J) value from 8:3% for the
isotropic 12(d) model to 4-6%, with B, significantly
larger than B,,, corresponding to an increased vibration
in the direction of the 24(g) sites. Subsequent intro-

Table 1. Summary of results obtained from the analyses

Model
12(d) }
Sites 12(d) 24(g)  24(h) 12(d) 12(d)
Temperature
factors* B, B; B; B, B,C,
B, (AY 7.8 7.8 7.5 7-8 7-8
6(B) 0-9 0-5 0-5 0-5 -
(By)ag (A) 12-4 11-5 8.8 16-5 18-8
6(B,) 2.1 1-3 1-6 1.7 1-6
(B, (A?) =B, =B, =B, 11-2 12-2
6(B,,) 1-4 1-0
(Cr2)ag (AY) 0 0 0 0 7.3
o(Ci2) 32
x 0299  0-385
a(x) 0-007  0-007
n,t 0-84
a(n,) 0-23
R(I) (%) 8-3 4.7 31 4.6 2.8

* { = isotropic, a = anisotropic.
+ n, = occupation of 24(#) site.
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duction of a third-order term C,,, = — C,3;, with all
other Cy, = 0, led to a further reduction in R(D) to
2-8%. Because of the limited number of data fourth-
order terms could only be introduced with the other
thermal parameters fixed and no significant improve-
ment resulted from their inclusion. However, it was
clear that effects due to fourth-order terms were much
less than those due to third-order terms, being smaller
than the standard deviations of the observed data. Thus
the powder diffraction data are not able to provide
evidence for the existence of significant fourth-order
terms in the thermal vibrations.

Conclusions

The results of our analysis are summarized in Table 1.
Within their limitations the neutron powder data of
Wright & Fender (1977) are clearly entirely consistent
with the conclusions of Hoshino, Sakuma & Fujii
(1977) and with the EXAFS results of Boyce, Hayes,
Stutius & Mikkelsen (1977). As is also the case for the
single-crystal data of Cava, Reidinger & Wuensch
(1977), the best model for the powder data is that in
which the silver ions are located only in the 12(d) sites
but have anisotropic harmonic and higher-order com-
ponents in their thermal vibrations. This model thus
accounts for the main features of the silver-ion distri-
bution, which can only be approximated by the multi-
site ‘static’ models. However, the limitations of the
powder data are such that the improvement over the
best ‘static’ model is not statistically significant at the
0:-5% level (see Hamilton, 1965). Although fourth-
order terms were derived for the single-crystal data, it
must be emphasized that in all these analyses the
number of observations is only about twice the number
of parameters and the results must therefore be con-
sidered with some caution.
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