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MATERIALS SCIENCE 

Super-ionic Conductors 
from our Materials Science Correspondent 

ANXIETIES about the ill-effects of traffic 
fumes and the problems of maintaining 
oil supplies combine to keep alive in
terest in the potential of electric cars. 
Such cars require either fuel cells (cur
rently in the doldrums) or rechargeable 
batteries, and these must be designed for 
high energy density. This condition 
can best be met, it currently appears, 
by high-temperature batteries, of which 
Ford's sodium-sulphur battery is the 
best known, and such cells need electro
lytes capable of standing up to fierce 
chemical onslaughts at high tempera
tures. 

The sodium-sulphur cell (which is 
currently being examined in a number 
of industrial laboratories, including 
British ones) makes use of a solid 
electrolyte, beta-alumina. This extra
ordinary material is a refractory which, 
in spite of its name, contains some 
sodium and approximates to the com
position NaO.l 1Al2O3; the sodium (or 
any of a number of alternative metals) 
stabilizes the anomalous crystal struc
ture. Beta-alumina has an extremely 
high conductivity, much closer to that 
of a metal than to that of a normal 
ionic conductor such as NaCl, but, un
like a metal, its conductivity rises 
steeply with temperature. 

Because of its potentially major 
industrial importance, and simul
taneously because it poses a fascinating 
scientific puzzle, beta-alumina is the 
object of much basic-cum-strategic-cum
applied research (pace Rothschild), and 
a good deal of this has been centred on 
its crystallographic structure. The most 
impressive piece of crystallographic 
work yet to be done on the compound 
has just been published by W. L. Roth 
(J. Solid-State Chem., 4, 60; 1972). 
Roth used small monocrystals in which 
he substituted silver for sodium by 
means of ion-exchange in a salt bath; 
he used this method because heavy 
atoms are easier to locate by X-ray 
diffraction. The weight change during 
ion-exchange served to establish accur
ately the sodium content of the original 
material, which is about 25 per cent 
above the NaO.11Al2O3 stoichiometry. 

Starting from X-ray diffraction data, 
a very long and scrupulous process of 
structural refinement was performed, 
with the following principal results. All 
the silver is in the horizontal mirror 
planes (in other words, planes normal 
to the hexagonal axis) between the 
"spinel blocks" of the structure. There 
are two kinds of ideal silver sites within 
the mirror planes, at intersections with 
the three-fold axes of the space group: 
the silver atoms are statistically distri
buted among (and also slightly dis-

placed from) these ideal sites, the rest 
remaining vacant; the excess charge is 
probably compensated by interstitial 
oxygen. There is a huge anisotropy of 
thermal vibrations of the silver ions, the 
amplitude being a bout 1,000 times greater 
in the mirror plane than normal to it. 
The structure in the mirror planes has 
quasi-liquid properties, the silver ions 
jumping very easily from one site to an 
adjacent vacant one. (In fact, the r.m.s. 
vibrational amplitude at room tempera
ture of the silver ions in the mirror 
plane is almost one-tenth of the corre
sponding interatomic distance which, 
according to Lindemann's law of melt
ing, is an approximate criterion for the 
melting of a solid.) The notion that 
the conducting ions jn compounds of 
the beta-alumina family move in a 
two-dimensional quasi-liquid environ
ment, confined by blocks of non
conducting ions, is not new, but Roth 
has unusually clear evidence to sub
stantiate it. 

Finally, Roth shows that the apparent 
randomness of the silver distribution 
and the hyperstoichiometric silver con
tent can be interpreted on the basis of 
a model of small domains, only 5-10 A 
wide in the a direction, in any one of 
which all silver atoms are restricted to 
one of the two types of silver sites; the 
hyperstoichiometry results from the 
necessary bunching of silver ions in 
the domain boundaries. 

The results require some modification 
before they are applied to normal (that 
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is, sodium-stabilized) beta-alumina, be
cause there is evidence that the sodium
silver substitution shifts the sites of the 
metal ions somewhat. Nevertheless, 
there is now available the basis of a 
much closer understanding of the essen
tially two-dimensional super-ionic con
duction of normal beta-alumina and its 
variants. 

The new term, super-ionic conduc
tion, has been introduced by M. J. Rice 
and W. L. Roth in a survey report which 
is to be published in the next issue of 
the Journal of Solid-State Chemistry. 
The term is to apply collectively to three 
categories of highly conducting ionic 
compounds : the beta-aluminas, certain 
silver halides and related compounds 
(among which RbAg4l 5 is the most 
remarkable), and some "defect-stabilized 
ceramics", of which calcia-stabilized 
zirconia is the most familiar. In their 
article, Rice and Roth replace the stan
dard hopping model of solid ionic con
duction by the notion that the conduct
ing ions, given a specific minimum of 
energy, are freed from their lccalized 
states to move as free ions with measur
able mean lifetimes and mean free paths 
(which may be of the order of inter
atomic spacings or substantially greater, 
as in calcia-stabilized zirconia). On the 
basis of this metal-like behaviour of the 
ions, the authors are able to make pre
dictions about the thermionic power and 
frequency-dependence of conductivity 
which allow them to substantiate the 
basic applicability of their model. 

Assay for a Duck Globin mRNA 
NEXT Wednesday in Nature New Bio
logy (January 26) Pemberton, Hous
man, Lodish and Baglioni report that a 
lOS RNA fraction isolated from poly
ribosomes of duck erythroblasts con
tains at least one and probably several 
species of duck globin messenger 
RNAs. Pemberton et al. present direct 
evidence that this !OS RNA contains 
messenger for the a globin of one of 
the two species of haemoglobin (haemo
globin II) in adult duck erythrocytes and 
they show that this messenger is trans
lated in vitro in cell free systems iso
lated from both duck and rabbit reticu
locytes. This finding confirms those of 
Lingrel and his associates who have 
reported that preparations of IOS RNA 
from various species of reticulocytes 
programme the synthesis of globin in 
heterologous cell free systems. 

The a globin chain of duck haemo
globin II, made in vitro in either a duck 
or a rabbit cell free system is, however, 
unusual; it retains its N-terminal 
methionine residue, presumably because 
the polypeptide chain assumes some 
unique structure which prevents the 
enzymatic cleavage of this terminal resi
due. As a result, when for example a 

cell free system from either duck or 
rabbit reticulocytes is programmed with 
IOS RNA containing the a II globin 
messenger and supplemented with yeast 
35S-methionine-tRNAF, the 35S-meth
ionine is stably incorporated at the N
terminus of the a II globin molecules 
that are made. This means that the 
incorporation of N-terminal methionine 
from initiator methionine transfer 
RNAF provides an assay for duck a II 
globin messenger RNA activity in RNA 
preparations. 

An assay for eukaryotic messenger 
RNA is something molecular biologists 
have longed hankered after, and Pem
berton and his associates have, appar
ently, not been slow to exploit their 
discovery. Although they give no 
details, they claim to have used it to 
determine the relation between nuclear 
heterogeneous RNA and cytoplasmic 
RNA in duck erythroblasts, to follow 
the processing of duck globin messenger 
RNA and to measure the extent to 
which globin genes are reiterated in 
duck erythroblasts. Details of these 
various experiments should make ex
tremely interesting reading when they 
are published. 
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