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The monotonic part of the magnetic susceptibility of zinc and cadmium alloys containing up to 10 at.%
magnesium is investigated at temperatures between 4.2 and 300°K. Diamagnetism maxima were observed
in pure zinc at 112°K and in cadmium alloys containing 0.5 and 6.5 at.% of magnesium at 4.2°K; these
correspond to band singularities passing near the Fermi surfaces. This yielded the band Splitting and
relevant parameters of the effective lattice potential V and spin-orbit interaction AI)( For zinc (at

112°K) Vo0 =
and Ak = 0.007 Ry.

THE experimental data on the dimensions of the Fermi
surface yield the individual Fourier components of the
effective lattice potential, which is an important charac-
teristic capable of describing a majority of the proper-
ties of transition metals.!*? This source of information
concerning the lattice potential is confined to pure met-
als and requires computer calculations. Under favorable
conditions, however, there can appear near the Fermi
level Ef singular values of the band energies, so that
their relative placement can be easily changed by dif-
ferent actions. The passage of the singular points of the
bands past the Fermi level, accompanied by a change in
the topology of the Fermi surface, can be observed by
determining the singularities of the electronic charac-
teristics.'?! Inasmuch as the special values of the en-
ergy correspond essentially to symmetry points of the
bands, their position can be easily expressed with the
aid of the Fourier components of the effective potential
Vikl , and the latter can be obtained from the Fermi en-
ergy, which is used as a reference, and from the charac-
ter of the employed action. In this paper we present the
results of a realization of such a program for pure zinc
and for solid solutions of magnesium in cadmium. The
sensitive indicator of the passage of the singular points
of the bands past the Fermi level was the monotonic
part of the magnetic susceptibility.

CHARACTERISTICS OF THE INVESTIGATED
OBJECTS

Zinc and cadmium are divalent metals with hexagonal
close -packed lattice, but with a period ratio c¢/a which
greatly exceeds the ideal value. The Fermi level for
the empty lattice with such a structure is close to the
energy at the point K—at the midpoint of the vertical
edge of the Brillouin zone, where the bottom of the
electron band is in contact with two hole bands (the des-
ignation of the symmetry points and of the levels in ac-
cordance with their irreducible representation is that
of Bl and the level energies are designated in the same
manner as the levels themselves). The lattice poten-
tial splits the triply degenerate level K into two (Fig. 1)
with energy (neglecting the influence of the higher levels
and the spin-orbit interaction)
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—0.0063 Ry and for cadmium (containing small amounts of magnesium

V100 = —0.006 Ry

Ky = K — Vi,
(1)

K (doubly degenerate )= K +4/3V1p0.

The relative locations of Er and K can be readily
changed by varying the ratio c/a (3(K/Eg)/d(c/a) > 0).
It is well known that when T = 0 zinc (c/}; = 1.83007)
has at the point K electronic ‘‘needles,’ i.e., K,<Ep,
whereas cadmium (c/a = 1.863%1) has no such needles

, K, >Ep. In order to observe the passage of the
1evel K, past EF, the c/a parameter of zinc is in-
creased by raising the temperature,”? and that of cad-
mium is decreased by introducing a magnesium im-
purity. "’

The single crystals needed for the investigation were
prepared by zone growing (using equalization in the
melts) from zinc and cadmium of purity not worse than
99.999% and magnesium of 99.99%.

METHOD AND RESULTS OF INVESTIGATIONS

As shown in the earlier investigations, the monotonic
part of the magnetic susceptibility of non-transition me
metals can serve as a very sensitive characteristic of
the occupation of states separated by small energy gaps,
with the peak of the diamagnetism revealing the instant
of passage of the extremum of the band past the Fermi
level.®! The susceptibility was measured in the tem-
perature interval 4.2-300°K in analogy with the pre-
ceding investigation.®’ Inasmuch as the peak of the di-
amagnetism on the temperature dependence of the sus-
ceptibility of zinc was observed and discussed earlier
(see 1), we only refined its position at H — 0 by meas-
uring the anisotropy of the susceptibility with a torsion
balance with self -compensation, the thermocouple being
secured directly to the sample.

The main experimental results were as follows.

FIG. 1. Probable scheme K, Hy
of the splitting of the level K
upon successive application of A

the lattice potential and the
spin-orbit interaction (accord-
ing to [#]). [
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1. The maximum of the diamagnetism on the temper -
ature dependence of the susceptibility of the zinc is ob-
served in the sixfold-axis direction (x ) at T,(H — 0)
= 112° + 0.5°K.

2. The maximum of the diamagnetism on the concen-
tration dependence of the susceptibility of the cadmium -
magnesium alloys is observed on the same component
at 6.5 at.% of magnesium and T = 4.2°K (Fig. 2).

3. With increasing temperature, the singularities of
the concentration dependence of the susceptibility shift
towards the larger magnesium concentrations, and their
amplitude decreases (Figs. 2 and 3).

4, The alloy with 1 at.% magnesium reveals a dis-
tinct maximum in the temperature dependence of x;
(Fig. 3).

5. The temperature and the magnesium impurity
have little effect on the second component of the suscep-
tibility (x,).

DISCUSSION OF THE RESULTS

The connection between the peak of the diamagnetism
of zinc with the vanishing of the electronic needles, i.e.,
with the passage of the level K, past Ey with increas-
ing c/a, follows from the direct experiment on the
de Haas-van Alphen effect.™®! This means that

Vi = K — (Ep + kTs), (2)

where in (1) we use in lieu of Ep the upper limit of the
occupied states with allowance for the thermal excita-
tion, inasmuch as the maximum diamagnetism is ap-
parently reached when the states in the band under con-
sideration are fully freed.'®’ Assuming that the Fermi
level corresponds to free electrons, and using for the
calculation of K data on c/a at T, from ®’ we get
Vio = —0.0063 Ry. This value (taking into account the
shift of the (100) plane) is in splendid agreement with
the results obtained by Harrison™! in the same approx-
imation from the de Haas -van Alphen effect.

Indirect evidence confirms the analogous nature of
the peak of the susceptibility of the cadmium alloys: it
is observed on the same component (Item 2), i.e., the
participating states are those at the vertical edges of
the Brillouin zone with small masses in the basal plane,
and for almost the same c/a ratio. Assuming that the
temperature dependence of c/a of alloys does not de -
pend on the composition, we get from ®»7J and from (1)
that V,,, = —0.0065 Ry.
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It follows from Item 3 that the temperature depend-
ence of the susceptibility is due essentially to variation
of c/a, and not to the competing influence of the ther-
mal excitation of the electrons; however, the role of the
latter in cadmium is larger than in zinc, and therefore
the peak under consideration does not appear in the tem-
perature dependence. The cause of the increasing role
of the thermal excitation in the susceptibility of cad-
mium may be the more compact arrangement of the
levels. Indeed, the singularity of the behavior of x(T)
of an alloy with a small magnesium content, noted in
Item 4, predicts the existence of one more susceptibility
peak near 0.5 at.%, i.e., at the point K there is one
more level exceeding Ex by ~5x10™* Ry. This may be
the level Kg, which is obtained from K as a result of
spin-orbit splitting (Fig. 1). It corresponds to the hole
states, confirming the absence of a cavity inside the
“monster’’;!*? its position determines the magnitude
of the spin-orbit splitting Ag =~ 0.007 Ry.

Details of the behavior of the susceptibility of weak
solutions of magnesium in cadmium, and also of alloys
with other components, are the subject of further re-
search.

In conclusion, the authors are grateful to B. N. Alek-
sandrov, R. N. Antuf’eva, V. I. Boiko, and G. S. Skrip-
nik for providing the necessary samples, and to V. L.
Poltoratskii and V. A. Verbitskii for taking part in the
measurements.
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