Av,nV
AVg = 100 - 200 uV. The experimentally measured emf

lies likewise in this range and increases linearly with - ’//f’
the product j,j, (see Fig. 2). xmr ///
The intrinsic Hall emf is given by [5] R ¢
(2) :
AV, ~ Ei“_"i i 2 20~ _
4nne

where S is the area of the cross section of the narrow
part of the film. Substituting in (2) the same values 1601~
of the parameters for the GaAs samples we obtain
AV = 1 uV. We see that in the case of GaAs the
"Bernoulli effect'" plays the predominant role. For o
bismuth films at j; = j, = 5x10* A/cm®, assuming

m = 0.05 mp and taking into account the presence of

two types of carrier (electrons and holes), we obtain 1 1 1 1 1 1
respectively AVg = 3 nV and AVy = 320 nV. In contrast 0 " mﬂAzln 4
to GaAs, the Hall emf greatly predominates here. The i A%/ em
calculated value of this emf is close to the observed Fig. 3. The same as in Fig. 2, but
one (Fig. 3). for a Bi film, f; = 180 MHz.

We can thus state that configuration emf's of
both types were observed in the described experiments, namely the "Bernoulli emf" in GaAs films
and the intrinsic Hall emf in bismuth films,
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A decrease in the energy of the Ka;, KB,, and KB, , x-ray
lines of samarium, by as much as oune electron volt, was observed in
SmS at pressures 6 — 9 kbar; this decrease vanished when the pres-
sure was removed.

A reversible change in the dimensions of the crystal lattice of SmS (Av/v = 14%) was ob-
served at pressures 6 — 8 kbar. No change took place in the lattice symmetry (of the NaCl type
before and after the transition), and the phenomenon was therefore classified as an isomorphic
phase transition analogous to the known transition of metallic cerium,

It is assumed [2] that under pressure the 4f electron (electrons) of the initially
divalent samarium, with configuration [Xe]4f£®6S® goes (go) over in part to a valent level,
probably 5d. The configuration is then [Xe]4f®-N5d"65?, and the valence approaches three
(2 +n=2,7). The resultant 5d electrons produce metal-metal bonds in the SmS lattice. This
model explains the observed change of volume and the appearance of metallic conductivity, and
apparently also the almost complete vanishing of the magnetic moments localized at the samarium
atoms [2].

It was shown in [3 - 5] that the decrease in the number of 4f electrons in chemical trans-
formation of rare-earth elements_leads to anomalously large characteristic shifts (energy
decreases) of the x-ray K lines!). Therefore if the model proposed for SmS is indeed realized,
then one should expect a strong and reversible pressure dependence of the energy of the principal

249



0 ’4}1} 10 P, kbar Fig. 1. Shift of KBy line of samarium in SmS vs. the pressure.

P The light and dark circles show the values obtained with in-
1+ creasing and decreasing pressure, respectively; the dashed

]] curve shows the analogous dependence of the magnetic suscepti-

[ ¥ bility x [2].
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N x-ray K lines of samarium (z = 62) in SmS.

Our experimental setup is analogous to that used in [6].
It constitutes a special x-ray Cauchois spectrometer, in the
field of view of which the compared samples are placed in
T sequence. The only difference is that in our case the samples,
T which are mixtures of powdered SmS with polyethylene (the
preparation method is described in [7]), are placed in the

/4§ cavities of two identical chambers with beryllium windows, to
:
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which pressures up to v 10 kbar can be applied.

Figure 1 shows the experimental results. One of the
chambers was at atmospheric pressure, and the pressure in the
second was varied in steps and the shift of the KB; line was
measured at each value of the pressure. A reversible effect
was observed (the energy of the KB, line of the compressed
sample decreased) and reached approximately one electron volt
at saturation; the effect vanished, with hysteresis, when the
pressure was removed. The dashed line shows the pressure
dependence of the magnetic susceptibility ¥, as observed in
{2] (the scales are so chosen that the effects coincide at
saturation). The similarity of curves is a sufficient reason
for concluding that the effects have a common cause.

i
T
—_———— e - s

AE,MEV K, Kps To determine the mechanism of the phenomenon, we
plotted the measured line shift against the type of line [4]
(Kay, KBy, KBy ,,). The triangles in Fig. 2 show the results
for the "standard" pair SmF,-SmCl,, regarded as an ionic
compound of tri- and dlvalent samarium with configurations
4£% (Sm®*) and 4£%(Sm?*), which differ by one 4f electron.
The plot has the expected V-shape [4 - 6] close to that pre-
dicted by the Hartree-Fock-Slater calculation (dashed curve
in Fig. 2; the details of the employed calculation program
are given in [8]). The plot of SmF3-SmS (light circles) is
identical. This shows that in the uncompressed SmS the
samarium is divalent, just as in SmCl,. The crosses and the
thick line show the results of a comparison of SmS samples,
one at atmospheric pressure and the other at a pressure
exceeding 9 kbar., A V-shape dependence is observed, indicating that the valence of the samarium
is increased under pressure as a result of the lower number of 4f electrons.

Fig. 2. Plot of line shift vs.
type of line. SmFy - SmCl,:
squares — calculated for
Sm3*4£% - sm2*4f°, triangles —
experiment; SmF, - SmS: 1light
circles — experiment; SmSy -
SmS1y: crosses — experiment,

> 9 kbar, Py1 1 atm; dark
circles — control experiment,
Py = Py1 = 1 atm.

The table lists the numerical results of the experiments. The last line shows the experi-
mental values of n. They were obtained by dividing the displacement in the phase transition
(second line) by the energy difference of the K lines of SmF3-SmS (or SmF;-SmCl,;). We sub-
tracted in the denominators the correction (second line from the bottom of the table) obtained
by the Hartree-Fock-Slater calculation and accounting for the fact that the 'crowded-out' 4f
electron is not removed to a ligand, but goes over to the 5d shell of the samarium. The correc-
tion is small and hardly affects the weighted mean value n = 0.62 * 0.03 electron/atom, which is
in good agreement with the previously obtained n = 0.77 £ 0.06 [2] from the changes of the SmS
lattice parameters.

The authors thank A. V. Golubkov, V. M. Sergeeva, and E. I. Demina for preparing the SmS

samples, I. M., Band and M. Trzhaskovskaya for calculating the Hartree-Fock-Slater displacements,
and Yu. I, Vasil'ev for help with the measurements.
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= E, - E,, meV
A 8 AE A 5 Note
K K
a Kbl B, 4
SmS SmS -6 425 |-12:46 ~ -
Pg 5kbar| P 0 £25 *
SmS SmS -319:43 | -926141 |-258:180 | —
p>9 kbar| Px0
~578:22 | -1438:56 |-293+85 |Our data
SmFy SmC, -606:19 | -1455:50 | -41560 |[Data of [4]
SuF, SmS -595:20 | -1430:40 | —556:50 -
Sm3*, 4¢3 Sm?*,4f55d” - 62 65 60 HFS calculation
n 0.60:0.08 | 0.62 : o,(ﬂ 0.42:030 —

1 . . . . . .
)Thls phenomenon was used in {6] to investigate the mechanism of the low-temperature iso-
morphic phase transition in cerium.
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We report here, apparently for the first time, effective conversion of neodymium-laser
emission (A = 1.054 W) into stimulated emission in the 1.54 p band. The conversion was obtained
by using the neodymium laser to stimulate emission in ytterbium-erbium glass on the “I,;/, -

I,5/, transition of the Er®* ions (three-level lasing scheme). The pump radiation is aésorbed
in this case by the Yb®* ions as a result of an electronic transition between the upper Stark
component of the ground level “Fg/z and the metastable level l'F7/2, with subsequent nonradiative
transfer of the excitation energy to the Er’* ions (Fig. 1). Although the initial sublevel of
the absorptive transition is very weakly populated at room temperature (Vv l.SXIO'zno), introduc-
tion of very large Yb®* concentrations into the glass (up to 1.5%x102! em™?) guarantees an
absorption coefficient on the order of several hundredths of a cm™! at the pump frequency. Such
an absorption level, of course, gives rise to high threshold densities of the exciting radiation,
but these are obtainable in the neodymium-laser pulses and do not exceed the optical strength of
the glass. At the same time, when the absorption is weak it becomes possible to obtain excep-
tionally uniform excitation of large volumes of the active medium. Our greliminary analysis and
spectral-luminescence investigations of the characteristics of Yb®* + Er®* ion systems in various
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