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Pressure dependences of the solubility of hydrogen in niobium-ruthenium alloys containing 17, 25.5, 31, and
50 at. % Ru at 325° C were obtained at hydrogen pressures up to 70 kbar, and an x-ray diffraction study was
made of the crystal structure of the phases formed. The temperature T, for the transition of these phases into
the superconducting state in the range 7 >2 K was measured. In the Nb,, .Ru,H and Nb,,Ru,-H
systems, there were phases with a hydrogen/metal atomic ratio n =1 and a tetragonally distorted fee metal
lattice, ana with 7. =5.1 and 4.3 K, whereas the original niobium-ruthenium alloys showed no

superconductivity for 772 2 K.

[t has been found' that electrolytic satura-
tion of niobium—ruthenium alloys (20, 25, and 33
at.% Ru) with hydrogen considerably increases
the transition temperature (T.) to the supercon-
ducting state, from <0.25 to 2-5 K. It was not
possible to obtain reliable information about the
erystal structure and the hydrogen content of the
phases having these values of T, because the syn-
thesized samples were not single-phase and were
thermally unstable under normal conditions.

The mere detection of hydrides having T,
values higher than in the original materials is
fairly significant; such hydrides have been syn-
thesized, as regards bulk samples, only for the
three metals palladium,? thorium,? and titanium,*
and for three groups of niobium alloys: with
ruthenium, ! rhodium, * and palladium.® ¢ It was
therefore useful to study the crystal structure,
composition, and superconducting properties of
niobium—ruthenium alloy hydrides by saturating
with hydrogen at high pressure, the method which
is at present surely the best for preparing bulk
homogeneous single-phase hydride samples with
a high chemical potential of the dissolved hydrogen.

One must acknowledge, however, that it was
not always possible to obtain homogeneous single-
phase samples of hydrides in the niobium-ruthenium—
hydrogen system, even with high pressures of hy-
drogen. We therefore made a preliminary study
of the phases formed at high pressures in the
analogous tantalum—ruthenium-hydrogen’ and vana-
dium—ruthenium—hydrogen® systems (which was in
any case useful as regards the search for new
supereonducting hydrides), and only then proceeded
to a more complete study of the niobium—ruthenium-—
hydrogen system.

Systems based on tantalum—ruthenium alloys’
with 22.6 and 31 at.% Ru, and vanadium—ruthenium
alloys?® with 10, 18.5, and 34 at.% Ru, have been
studied. For both of the tantalum alloys and for
VsoRu,,, superconducting hydrides were obtained
with T, = 3 K and a hydrogen/metal atomic ratio
n = 1 based on close-packed metal lattices (ortho-
rhombically distorted hep for tantalum—ruthenium
and fee for VsoRu,,), whereas for all the initial
alloys without hydrogen there was no supercon-
ductivity at T = 2K.

In the present paper, we report research on
the niobium—ruthenium—hydrogen system based on
niobijum-ruthenium alloys with 17, 25.5, 31, and 50
at.% Ru.
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1. SAMPLE PREPARATION AND EXPERIMENTAL
METHOD

The alloys were prepared from 99.998% pure
ruthenium powder (+40 mesh) and niobium purified
by zone melting with resistance ratio R;,5 K/Ru 2K=
500. Alloy ingots were formed by fusion in an
induction furnace in suspension in argon and
annealed at 1200°C in a vacuum of ~107% torr for
24 h, then allowed to cool in the furnace. The
samples were cut from the ingots by spark machin-
ing, a damaged surface layer =0.05 mm thick was
ground off, and then a further layer of =0.03 mm
was removed by electropolishing in sulfuric acid.
The final dimensions of the samples were 3 = 3 x
0.3 mm. Chemical analysis with a CAMEBAX-MBX
microanalyzer and a Link 860-500 energy dispersion
x-ray spectrometer showed that the alloys did not
change composition during melting and annealing
within the error of measurement (+0.4 at.%), their
ruthenium contents being 17, 25.5, 31, and 50
at.%.

The samples were hydrogenated by being held
in an atmosphere of molecular hydrogen at 325°C
with constant pressures up to 70 kbar for 24 h,
followed by "quenching" under pressure to =—180°C;
the procedure has been described,’ and tests
showed that there is almost no change in the hydro-
gen content and phase composition of the samples
between 16 and 48 h. The error in the determina-
tion of the hydrogen pressure did not exceed 5%;
the temperature was kept constant to within *7°C.
To prevent loss of hydrogen from the prepared
samples at atmospheric pressure, they were kept
in liguid nitrogen.

At atmospheric pressure, the stability of the
niobium—ruthenium—hydrogen samples with respect
to disintegration into the metal and molecular hy-
drogen rapidly became less with increasing hydro-
gen content; for the samples with n > 1, a con-
siderable amount of hydrogen was released within
a few minutes at vroom temperature. There was,
however, no complete release of hydrogen at room
temperature over several days. After keeping in
liquid nitrogen, there was no loss of hydrogen,
at least over several months.

The hydrogen content in the samples was
determined with relative error #5% from the amount
of hydrogen evolved during thermal decomposition
at up to 500°C; the method has been described.’
The x-ray study was made photographically at 83 K
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FIG. 1. Values of the volume increase AV,(n) per metal atom,
plotted against the hydrogen content n for solid solutions

of hydrogen in niobium—ruthenium alloys with (1) 17, (2) 25.5,
(3) 31, and (4) 50 at.% Ru; continuous line, see text.

with a DRON-2.0 diffractometer, using CuK, radia-
tion; the samples were polycrystalline. The transi-
tion temperature to the superconducting state was
found inductively for T > 2 K; T, was taken to

be at half height of the step on the temperature
dependence of the ac bridge imbalance signal.

2. EXPERIMENTAL RESULTS

Niobium-ruthenium alloys with 17, 25.5, and
31 at.% Ru should have!® a bec (a) structure,
while that with 50 at.% Ru should have a struc-
ture that has not yet been interpreted but can
be described on the basis of a face-centered ortho-
rhombic (fec) cell and will be denoted by y". The
crystal structure types and parameters (see Table
I, lines with n = 0) for our alloys are in agreement
with the earlier ones, '° and for the 50 at.% Ru
alloy there is good agreement with the whole set
of diffraction lines reported.?!®

Estimates by Miedema's method'' show that
T for niobium-ruthenium alloys should decrease
with increasing ruthenium content, to values not
exceeding ~1.2, 0.15, 0.05, 0.03 K for 17,:25.5,
31, and 50 at.% Ru respectively. The values found®
for 20, 25, and 33 at.% Ru were 0.24, 0.25, and
<0.35 K respectively. According to our results,
none of the initial niobium—ruthenium alloys is
superconducting for T > 2 K.

The following facts concerning all niobium—
ruthenium alloys are also important in the subse-
quent discussion. It is known'? that for many
transition metals and their alloys the dependences
of the increase aVg(n) = Vg(n)—Vg(0) in the volume
per metal atom on saturation with hydrogen are
almost linear, and the slopes B = (d/an)aVg(n) are
quite similar. In particular, aV4(n) for all phases
formed in the niobium—hydrogen system is satisfac-
torily expressed by a linear dependence with slope

g =~ 2.5 R%/H atom.?? It is seen from Fig. 1 that
the same relation also gives a satisfactory descrip-
tion of aVg(n) for all the niobium-ruthenium-hydro-
gen phases obtained where the values were deter-
minable, except for Nbg,Ruz,~H with n > 1. Con-
sequently, 4Vgy(n) with g = 2.5 A*/H atom was used
here to estimate n from the results of structural
studies of the niobium—ruthenium-hydrogen phases
where the hydrogen content could not be determined
experimentally.

We began the study of the phases formed in
niobium-ruthenium-hydrogen systems at high pres-
sures with hydrogen solutions in the 25.5 at.%
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Ru alloy, whose composition lies approximately in
the center of the content range for the niobium-
ruthenium alloys hydrogenated in the previous
work.!

Solutions Nb,, sRu,., .-H

The results are shown in Fig. 2 as depen-
dences on the synthesis pressure of the samples at
325°C. Comparison of the hydrogen contents (Fig.
2a) and the x-ray results (Figs. 2c and 2d) shows
that at pressures near Py, = 8 kbar and at =25-55
kbar the system has phase transformations a -+ y'
and y' + ¢ accompanied by the formation of hydride
phases, respectively y'-with a face-centered tetrag-
onal (fet) and e with an hep metal lattice. The
hydrogen content in the a solutions (based on the
original bcc lattice of the alloy) reaches n = 0.05
for Py, = 3 kbar, and it follows from the values
of aVg ‘given in Fig. 2c that n scarcely increases in
the two-phase (a + y') samples up to the pressure
where the y' phase extends throughout the volume.
The mean hydrogen content in single-phase y'
samples prepared with 10 < Py, < 20 kbar is n =
1.04. From the constancy of a@a for the y' phase
(Fig. 2c), we can assume that the hydrogen content
remains approximately the same in the two-phase
(a +¥', y' + €£) samples. The 4Vg values for the €
phase also vary only slightly throughout the range
of formation of this phase at high hydrogen pres-
sures; in the single-phase samples synthesized
at Py, > 60 kbar, n = 1.72.
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FIG. 2. Values of the hydrogen content n (a), the supercon-
ducting transition temperature T, (b), the volume increase 4V,
per metal atom (c), and the ratio ¢/a for the fct and hcp metal
sublattices in the Y' and € phases (d) for Nb;, cRuze oH
solid solutions obtained by heating at 325°C for I4 h with the
hydrogen pressures shown as the abscissae; 1) res_lts for o
solutions, 2) for y' solutions, 3) for € soluticns. The
black-and-white symbols represent two-phase samples. The
arrows with the symbols in Fig. 2b show that the samples wers
not superconducting for T > 2 K; for the others, the tempera-
ture ranges of the superconducting transition are given.
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TABLE I.

Composition, Superconducting Transition Temperature, Formation Pres-

sure at 125°C, Structure, and Metal Sublattice Parameters at Atmospheric Pres-

sure and 83 K for NiobiwmrRutheniumrHydrogen Solid Solutions

Z ; g
- " Teo K ity Strue . S T O A ca ule bje "
5 kbar [ture LA
2 -
0 2 = s | a.2a2] — = =5 . — |17.04

17 H 15.,.35 L BUGT — |5.128]1.472 - — (20.89
1.92 <2 =4 e | 5,091 5,113 3.470 0.982v 3| 1.613]21.84

0 <2 — a2 |sar - | — - - — |16.65

25.5 1.04 5.08 12 1| a2 — [4aas0lo.uss — |18.82
(.79 = 70 | 3.032] — |5.033]t.633 — | 20.70
. =S T (5-338)(5.0m)(3.082) (V3) |(1.633)|(20.70)

0 <2 - a 3199 — — — - — |16.37

3 1.04 4.3 20 1" 423 | — 4.6 |0.98 — |18.6
S8 ) i e [ :_ms — |4.98 |1.63 _ — |204

{3.28) |(4.98) [(3.05) (v3) |(1.63) |(z0.1)

<2 = ¥* | .37t 4.225] 3.398 1.287 1.244]15.68

50 0.2% <2 0., 44 13 | 4.379]4.327 | 3.459 1.266 1.251|16.39
LA%,, 125 <2 |22...70] o | 5.008] 4.727|2.914 1.010v 3] 1.622 [ 17.56

Note. a = bee (V; = a¥/2); € = hep [V, = {vqiz)a’—’c; €' = orthorhombically
distorted hep (V4 = abe/4); y' = fer, V, = a®c/4; Y" = based on fco pseudocell,

Vg = abofi,

For the € solutions of hydrogen in alloys with 25.5 and 31 at.% Ru,

the hep lattice parameters in orthorhombic axes are shown in brackets.

The vresults of determining T, for
Nb,, sRu,s s—H samples are shown in Fig. 2b.
It is seen that values T, 2 2 K were observed only
in samples containing the y' phase; the highest Te =
5 K occurred in single-phase y' samples, and in
the two-phase samples T decreased steadily with
decreasing y' phase content.

The results of the x-ray measurements suggest
the hypothesis that in (y' + ¢) mixtures the de-
crease from the y' phase T, is due to the buildup
of stacking faults. As the ¢ phase content in-
creases, the y' phase diffraction lines rapidly be-
come broader to such an extent that the splitting
of the reflections by the tetragonal distortion of
the fece lattice for this phase becomes blurred.
The & phase lines in such samples are also very
broad; (220) and (311) of the y' phase, and cor-
respondingly (11.0) and (11.2) of the ¢ phase,
are joined by a high background level. These
pairs of lines belong to reflections from just the
systems of planes that are transformed into one
another when the sequence of close-packed atomic
layers changes from ABCABC... for the fec lattice
to ABABAB... for hep; for fee and hep packings
of spheres with equal radius, the respective inter-
planar distances are unchanged. If we assume
that the y' » ¢ transition in the Nb,, ;Ru,s s—H
system takes place by the accumulation of hep
stacking faults in the y' phase, we should expect
a local increase in the hydrogen concentration
where such defects accumulate, since for a given
hydrogen pressure the hydrogen solubility is seen
from Fig. 2 to be greater in the hcp lattice phase.
[ncreasing the hydrogen content causes a local
dilatation of the metallic lattice of the alloy, and
this increases the fraction of scattered radiation
in the angle ranges between the lines (220},{',
(11.0). and {3[1),{', (11.2) .. The gradual ac-
cumulation of structural changes in the y' phase
with increasing = phase content in the samples also
points to a change in the ratio c /a1 (Fig. 2d).

The presence of a considerable number of
I
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stacking faults in the y' and € phases may serve
to explain also the very wide range of pressures
at which the y' + € transition occurs, since with
increasing stacking fault content the difference
between the free energies of these phases becomes
less.

From the above discussion, we can reasonably
attribute to the y' phase in the Nb,, jRu,s s—Hsys-
tem the maximum value T, = 5.08 K which occurs
in single-phase y' samples, and this value is shown
in Table I.

In order to establish how an increase in the
ruthenium content alloyed with niobium affects the
properties of the y' phase, we studied the
NbgsRu,,~H system; the value of T, for a sample®
got by hydrogenating Nb,,Ru,;; was only =2 K,
and we chose an alloy having a somewhat lower
ruthenium content.

Solutions Nb,, Ru,,—H

Figure 3 and Table I show the results. The
differences in properties between this system and
Nb,, sRu,s s —H are seen to be no more than quan-
titative. In particular, the maximum attainable
hydrogen content in the a solutions decreased to
n z 0.03; the a + y' transition pressure and the
hydrogen content in the y' phase were almost un-
changed; the y'+ e transition range became wider
and moved toward higher pressures. The Te
values for the single-phase y' samples fell to =4.3
K. It was not possible to obtain single-phase «'
samples, and the question of the ¢' superconduct-
ing properties thus remains unresolved. From
the steady and gradual change in T, for samples
containing the y' phase as the synthesis pressure
increases (Fig. 3b), we can suppose that it is y'
which is superconducting in two-phase (y' + &)
mixtures.

An estimate of the hydrogen content in the
e phase, based on AV, (see Table 1), gives n ~
AValB = (20.1-16.37)/2.5= 1.5. This is close to

Antonov et al. 584



n a
THF /clf-ﬂ‘—"“'—"'“
V./'
101 o
(i
oz
05 ®3
('-'l | | 1 1 L 1
i e .
) b%
53
Z ml[ | 1 1 1 1 1
4 c e
£
&° oq—o-o-oj-ﬂ-t"o"g"_o_'o
ui: 2 B
=9
Cefae prome—o 11 11—
?54 1.00 .
455 033 N
o 0 98 N
X037 2526 30 40 50 60 70
ﬂ , kbar
FIG. 3. Results of investigation of NbggRujz,-H solid solutions;

notation as in Fig. 2.

the value observed for two-phase (y' + €) samples
formed with Py, > 55 kbar (Fig. 3a), which accord-
ing to the x- r-ay r‘esults contained only traces of
the y' phase. We may therefore suppose that
the hydrogen content in the ¢ phase of the
Nb;s Ru;,-H system is in = 1.5, i.e., less than

in that of the Nb,, sRu,s s —H system.

Superconductivity was found’ in tantalum-
ruthenium—hydrogen solutions with an hep (ortho-
rhombically distorted) metal lattice and n=1. It
was possible to obtain a phase based on the hep
metal lattice with about the same hydrogen content
in the niobium—ruthenium-hydrogen system also
by taking alloys with a higher ruthenium content;
for this purpose the Nb,,Ru., alloy was chosen;
the results regarding the phase composition of
niobium—ruthenium alloys with a higher ruthenium
content are contradictory.!?®

Solutions Nbs,Ru,—H

The results are shown in Fig. 4 and Table
I. It is seen from the diagram that at 325°C in-
creasing the hydrogen pressure to =8 kbar raises
the hydrogen content in solutions based on the
original y" structure of the Nbg,Rus, alloy (y!
solutions) to n = 0.01. For Py, = 8-10 kbar, the
phase transition y} -+ v, occurs, accompamed by
a discontinuous increase in the hydrogen content
of the alloy to n = 0.24. The y} phase, like y!
is a solution of hydmgen based on the y" struc—
ture of Nb.,Ru.,, but with higher values of the
fco pseudocell parameters and a change in their
ratios. At pressures from =15 to =20 kbar, there
is a further phase transition, and the ¢' phase
is formed with an orthorhombically distorted hep
metal lattice. The hydrogen content in the '
phase increases fromn = 1.13 ton = 1.25 as the
synthesis pressure rises from =20 to 70 kbar, but
this is, within the error measurement, not ac-
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companied by any change 4Vg or any change in the
ratios of the metal lattice parameters of the phase.

The hydrogen contents in the €' phase and
the amount of orthorhombic distortion of its hep
metal sublattice, represented by the deviation of
act/cgr from V3, are close to those observed for
the superconducting ¢' phases in the analogous
tantalum-ruthenium-hydrogen system, but no super-
conductivity was found in the Nb.,Ru.,—H €' solu-
tions at T > 2 K. Nor were v} and Y, solutions
formed.

Our next step was to ascertain whether it
is possible to obtain phases with high T, by hy-
drogenation of niobium—ruthenium alloys having
a lower ruthenium content than before.!

Solutions Nbg.;Ru,.,—H

The results of the measurements are shown
in Fig. 5 and Table 1. It was possible to obtain
single-phase samples in the Nbgy;Ru,,—H system
only at pressures above =40 kbar. Under these
conditions, e' solutions with n = 1.9 and an
orthorhombically distorted hcp metal sublattice
were formed, whose parameters (Table I) were
independent of the synthesis pressure within the
experimental error.

No samples obtained with PH < 40 kbar were
single-phase, nor were they made so0 by either
extending to 48 h the time under high pressure
of hydrogen or raising the holding temperature
from 250 to 350°C.

Samples synthesized with Py, < 12 kbar con-
sisted of a mixture of phases with a wide range
of lattice parameters, indicating an mhomogeneaus

distribution of hydrogen within them. With in-
n
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FIG. 4. Values of the hydrogen content n (a), the volume in-
crease AV, per metal atom (b), and the ratio of metal sublattice
parameters (c) for NbgoRugo—H solutions obtained by heating at
325°C for 24 h with the hydrogen pressures shown as the
abscissae; 1) n and AV, for ¥ solutions, 2) for ‘;'3: solutions
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FIG. 3. Values of the hydrogen content n (a) and the supercon-
ducting transition temperature T, (b) for NbgsRu;,—H solutions
abtaired by heating at 325°C for 24 h with the hydrogen pres-
suras shown as the abscissae; 1) results for samples consisting
of a nixture of 2 phases; 2) for samples containing the € phase;
2) for £’ samples. Other notation in Fig. 5b is as in Fig. 2b.

creasing synthesis pressurc, the o« phase param-
eters increased and their spread became less for
each sample. A fairly homogeneous a phase sample,
having a = 3.396 & close to the maximum was ob-
tained with Py, = 12 kbar. The value n =
aVa/3= 1 for this sample, estimated from that of
4Vg, is in good agreement with experiment (Fig.
b5a).

In the pressure range from =15 to =35 kbar,
samples were obtained which consisted of a mixture
of at least three phases. a) A new ¢ phase with
an hcp metal sublattice, occurring to the greatest
extent in samples synthesized at pressures near
the middle of the range mentioned. The lattice
parameter values for this phase depended only
slightly on the synthesis pressure; Table I gives
average values. The value of aVy for the € phase
corresponds to a hydrogen content n = AVg/g =
(20.89-17.04)/2.5 = 1.5. b) An a phase whose
lattice parameter corresponds to n = 1 or somewhat
less. The content of this phase in the samples
decreased rapidly with increasing synthesis pres-
sure. c¢) An &' phase with about the same lattice
parameters as in single-phase &' samples formed
at higher hydrogen pressures. The content of
the ¢' phase in the samples increased with the syn-
thesis pressure.

It is seen from Fig. 5b that in the Nbg;Ru,,—H
system only the samples containing the e phase
were superconducting at T > 2 K. According to the
foregoing results, it would be reasonable to attrib-
ute to that phase the observed T, values, as has
been done in Table I. Here, however, it should
be noted that the diffraction patterns of the major-
ity of samples containing the e phase showed quite
clearly, in addition to the a, €, and ¢' phase lines
a further unidentified line corresponding to an
interplanar distance d = 2.30-2.31 &. It is there-
fore possible that the mixtures studied contained
also a fourth phase which was the superconducting
one.

3. DISCUSSION OF RESULTS
The properties studied here can be regarded
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as reliably determined for superconducting hydride
in two systems: Nb,, ;Ru;s .-H and Nb,,Ru, —H.
These are y' phases with n = 1.04 + 0.05, a tetrag-
onally distorted fee metal lattice, and T, values ol
5.08 and 4.3 K (see Table I). The T, values in
the y' phases are in satisfactory agreement with
previous ones! for electrolytically hydrogen-satu-
rated niobium—ruthenium alloys containing 20, 25,
and 33 at.% Ru. However, the conclusions drawn!
regarding the crystal structure of the superconduct
ing phases differ from ours, and it is necessary

to discuss this discrepancy.

Only a single x-ray picture was taken! of
the superconducting Nbg,Ru,,—H sample; while
being put into the x-ray cryostat, the sample was
at room temperature for several minutes. The dif-
fraction pattern showed five very broad lines; four
of these were attributed to an fce phase with a =
4.41 & (aV, = 4.81 &%/atom), and the fifth to a
bee phase with a = 3.32 & (aVgq = 1.67 RX3/atom).
The fec phase was taken to be the superconducting
one.

According to the AV, value, this fee phase
should be a dihydride of Nb,,Ru,, (n ~ aV4/8 =
1.9). 1t is, however, entirely probable that the
phase is not a hydride at all. Firstly, according
to our estimates, during the few minutes that the
Nbg,Ru,,-H sample was at room temperature, a
phase with such a high content of hydrogen must
necessarily have dissociated. Secondly, we have
found that a phase with an fcc lattice (probably
a carbide) up to ~0.03 mm deep is formed in the
surface layer when niobium—ruthenium alloys under-
go spark machining. The lattice parameter of this
phase is unchanged by hydrogenation of the
samples; interpolation to the composition Nb,;Ru,,
gives a z 4.43 A for it, which is close to the value
a = 4.41 & for the fcc phase.' The sample! was
cut by spark machining. Thus, the interpretation!
of the structural results appears unconvincing.

From our results, in all three analog systems
studied (tantalum, vanadium, and niobium with
ruthenium and hydrogen), hydrides with n > 1
are formed on the basis of close-packed metal lat-
tices; those with n = 1 are superconductors, those
with n > 1 are not. The difference between these
hydrides may be that in phases with n=z 1 the hy-
drogen atoms occupy octahedral interstitial positions
in the metal lattice (in close-packed lattices, there
is one octahedral pore per lattice site); in those
with n > 1, they occupy tetrahedral ones (of which
there are two. per site). In the close-packed super-
conducting palladium hydride lattice, the hydrogen
is indeed in octahedral pores,!* and, of the two
new intermediate phases found" in the titanium-—
hydrogen system, for the same hydrogen content
n = 0.71, the superconducting phase was the one
with the hydrogen in octahedral pores, whereas
the one with it in tetrahedral pores did not possess
superconductivity. !* This may occur because in
all the superconducting hydrides studied, as in
palladium hydride, an important contribution to
the electron—phonon interaction constant comes from
the interaction of electrons with optical vibrations
of hydrogen atoms, and the vibration frequencies
in octahedral pores are considerably lower than
in tetrahedral pores.!“

We would also point out the following in con-
nection with the type of position occupied by inter-
stitial hydrogen in niobium—ruthenium-hydrogen

Antonov et al. 586



alloys with n =1. Tetrahedral coordination of hy-
drogen is characteristic of all known dihydrides
of transition metals.'® 1t is unlikely that the «'
phase dihydride of Nbg;Ru,, forms an exception.
Phases with n ~ 1 based on other alloys may be
regarded as modifications of this ' phase, whose
properties vary smoothly as the ruthenium content
increases. It is seen from Table I that n and 4Vg
for such phases decrease steadily, while the ratio
a/c (in terms of orthorhombic axes) increases from
a/c < V3 for an alloy with 17 at.% Ru to afc = V3
for those with 25.5 and 31 at.% (for a/c = V3, the
lattice reaches hexagonal symmetry) and a/c > V3
for that with 50 at.% Ru. It is reasonable to sup-
pose that the hydrogen coordination remains tetra-
hedral in all these phases.

This discussion of the hydrogen coordination
in hydrides requires direct experimental verifica-
tion, of course. Work on this has started.
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Radiative transitions between anion and cation valence bands in

CsBr crystals

Yu. M. Aleksandrov, |. L. Kuusmann, P. Kh. Liblik, Ch. B. Lushchik, V. N. Makhov,

T. . Syreishchikova, and M. N. Yakimenko

P. N, Lebeder Phvsics Institute, Academy of Sciencés of the USSR, Moscow

{Submutted September 5, 1986)
Fiz. Tverd. Tela (Leningrad) 29, 1026-1029 (April 1987)

The excitation spectrum of the 6 eV luminescence of CsBr crystals was found to have a threshold energy of
13.5 eV. corresponding to the onset of photoionization of cesium ions. The luminescence was due to

recombination of electrons from an anion valence band with holes self-localized at cations. Dissociation of
cation excitons (13.2 V) was accompanied by the creation of cation defects in CsBr and this was manifested

in thermally stimulated luminescence.

Strong short-lived (1 < 1 nsec) intrinsic
luminescence of BaF, crystals excited beyond the
threshold of the EC transitions from the Ba?%(5p)
valence band to th% conduction band (hv > E§ =
18 eV), i.e., beyond the threshold of formation
of holes in the Ba®?*(5p) band, is shown in Refs.
1-3 to be due to radiative transitions of electrons
from the F~(2p) anion valence band to the Ba?*(5p)
cation valence band of these crystals. It is demon-
strated in Ref. 3 that a "strong" radiative decay
channel of the same type as in BaF, should occur
also in other ionic crystals with a sufficiently low
jonization energy EC of the cations for which the
width of the band gap Eg exceeds the energy
separation between the anion and cation valence
bands. In particular, this effect may occur in
CsBr crystals.
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Pure CsBr crystals emit not only luminescencs
bands due to anion self-localized excitons at 3.5
and 4.7 eV, but also cathodoluminescence bands®“:"
observed at 80 K in the region of 5-6.2 eV. This
luminescence is not excited in the region of the
long-wavelength exciton absorption band (6.8 €V)
and it cannot be attributed to the usual two-
halogen excitons.

Figure 1 shows the luminescence spectra, re-
corded using apparatus with a double vacuum mon -
chromator, of CsBr crystals excited by 6 keV elec-
trons at 10 and 190 K. At 10 K therc were four
maxima at 5.60, 5.43, 5.80, and 6.2 eV. The
cathodoluminescence intensity remained high up
to 80 K, but thermal quenching occurred at higher
temperatures. The cathodoluminescence of Cskr
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