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Electron resonance in NiCl, is investigated at a frequency of 9.2 Gc/s between 300 and 4.2°K.
Resonance absorption in NiCl, at temperatures below the antiferromagnetic transformation
point is connected with the existence of a low-frequency antiferromagnetic resonance branch

in nickel chloride.

ANHYDROUS nickel chloride NiCl, belongs to the
class of layered antiferromagnets, the antiferro-

magnetism of which was first predicted by LandauH.

NiCl, has a layered crystalline structure of the
type ng. The nickel ions are arranged in layers
which alternate with the halide layer. The principal
symmetry axis Cj is perpendicular to the layers.
The point of antiferromagnetic transformation of
NiCl, is 52.3°K according to calorimetric data (2,31,
and the susceptibility measured in a field ~ 3 kOe
has a maximum at T = 51°K[47,

Neutron diffraction investigations £5] have shown
that some anhydrous halides of the iron group have
magnetic ordering, wherein the magnetization of
the sublattices lies in the basal plane of the crys-
tal, i.e., it is directed perpendicular to the princi-
pal axis C;. Inside each layer, the spins are or-
dered ferromagnetically, while in the neighboring
layers they are mutually antiparallel.

For antiferromagnetic NiCl,, there are no neu-
tron diffraction data and it is possible to judge the
orientation of the spins only from the results of
investigations of the magnetic susceptibility of
single crystal NiCl,[*]. NiCl, is completely iso-
tropic both above and below the transition point.

In this connection, we can assume that the spins
lie in the basal plane, the anisotropy in which is
small and therefore the sublattice magnetization
is established perpendicular to the field for arbi-
trary field directions.

For ordinary uniaxial antiferromagnets with
compensated antiferromagnetism, in which the
magnetization of the sublattices is perpendicular
to the principal axis, the spectrum of the antifer-
romagnetic resonance, as shown by calculations,
has a low-frequency branch whose frequency is
determined by the magnitude of the external fielafsl,

The low-frequency branch of the antiferromag-
netic resonance, which was theoretically pre-
dicted %8 for weak-ferromagnetism rhombohedral

antiferromagnets of the MnCOj; type, in which the
sublattice magnetization is perpendicular to the
principal axis, was recently observed experimen-
tally (9,107,

Proposing to observe the low frequency branch
in the spectrum of layered antiferromagnets, we
have undertaken an investigation of antiferromag-
netic resonance in NiCl,.

The NiCl, single crystal was grown from a melt
of anhydrous nickel chloride by passing a quartz
ampoule containing liquid NiCl, slowly through
a heated oven. The anhydrous substance was
obtained from NiCl, - 6H,0 by drying in vac-
uum at ~ 200°C with subsequent sublimation at
~1000°C.

The investigated sample in the form of an oval
disc with transverse dimensions 3x5 mm and
thickness ~1 mm was split off the grown single
crystal. The plane of the disc coincided with the
basal plane of the crystal. The sample was trans-
parent and had good layer delineation. Since NiCl,
absorbs water, the single-crystal sample was
placed in a thin-wall glass ampoule filled with
heat-exchange helium and sealed off.

The absorption measurements were made at
9.2 Ge/s in a rectangular cavity tuned to the Hyy
mode. The klystron frequency was automatically
adjusted to the resonant frequency of the cavity.
The constant magnetic field and the high-frequency
field were mutually perpendicular during the meas-
urements. The absorption in the sample was reg-
istered by determining the change in the signal
from the detector, and the line width was obtained
by plotting the derivative of the absorption curve.
In the latter case, low-frequency modulation of
the magnetic field was used, and the alternating
signal from the detector was amplified with a nar-
row band amplifier and measured with a cathode
voltmeter.

The absorption in NiCl, was investigated by us
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at room temperatures, at temperatures obtained
by pumping on nitrogen and hydrogen vapor, and
also at 4.2°K.

From the position of the resonant line at room
temperature we estimated the g-value which was
found to be isotropic and equal to 2.23. The para-

magnetic absorption line at t = 300°K is sufficiently

symmetrical and its width is 720 Oe. The para-
magnetic line barely shifts when the temperature
is reduced from 300 to 53°K, but on approaching
the Curie point the line broadens noticeably. The
g-value we obtained agrees with the results ob-

tained with powdered NiCl, by Leech and Manuel [11],

and the line width which we observed in the single
crystal at 300°K is approximately 1.6 times as
small as for the powdered sample.

Measurements of absorption in antiferromag-
netic NiCl, were made by us between 4 and 20°K.
We observed a sharply pronounced resonance ab-
sorption, and the magnitude of the resonant field
depends in this case on the orientation of the field
relative to the crystal axis. This dependence is
represented for T = 20°K in Fig. 1. It can be seen
that the experimental points fit well on the curve
(solid line in the figere ), which is described by
the formula

H, = H, /sin g, (1)

where H| —value of the resonant field applied to
the basal plane and ¢ —angle between the c axis
and the direction of the field. Thus, when the res-
onant line is excited, the effective field component
is the one lying in the basal plane. The resonance
absorption lines for different temperatures helow
20°, for a field oriented at an angle ¢ = 50° rela-
tive to the principal axis, are shown in Fig. 2. The
ordinates of Fig. 2 represent the ratio of the sig-
nal from the detector for various values of H to
the signal at the maximum employed magnetic
field, of the order of 6800 Oe. The dashed curve
on the same figure shows the paramagnetic absorp-
tion line near the Curie point at T = 53°K.

Figure 3 shows, in coordinates Hpesg/(w/y) and
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T, the magnitude of the resonant field as a function
of the temperature for ¢ = 50°. At this orientation
of the sample in the field (and analogously, for
other orientations for which ¢ is close to 90°),
resonance is observed at liquid-hydrogen temper -
atures in fields for which Hpeg/(w/7y) is of the
order of unity. The resonant field, however, varies
with the temperature: the field first decreases in
the interval from 20 to 14°K, and with further de-
crease in temperature to ~ 10°K it increases
sharply. We see also (Fig. 2) that the height of the
maximum of the resonance line does not change
between 20 and 14°K, and then decreases rapidly
(to almost one-fifth at 10°K). Below 10°K, the res-
onance line is not very pronounced.

The integral intensity of absorption at liquid-
hydrogen temperatures (from 20 to 14°K) is large
and absorption in antiferromagnetic NiCl, cannot
be attributed to the influence of the impurity. The
good agreement between the experimental data and
the theoretical dependence of the position of the
antiferromagnetic resonance line on the field ori-
entation (1) allows us to assume, apparently, that
in NiCl, at hydrogen temperatures we actually ob-
serve the low-frequency branch of antiferromag-

Loty
@
7 g - 3
081 ) ./
96} :
gy
p=50°
921
1 ! L ! ! ! ! 1
79 2 4 6 8 MW 12 14 46 18 20
7°K

FIG. 3



1392

netic resonance, the frequency of which is of the
order of yH, when the field lies in the basal plane.

The vanishing of the resonant absorption below
10°K can be attributed to the presence in NiCl, of
a phase transformation into a different antiferro-
magnetic state. This is apparently accompanied
by a change in the picture of magnetic ordering.

A similar transformation was observed, for ex-
ample, in antiferromagnetic MnCl, [12],

In conclusion we thank A. I. Shal’nikov for in-
terest in the work and take the opportunity to thank
A. S. Borovik-Romanov for interest in the work and
a discussion of the results and L. A. Prozorov for
valuable methodological advice.
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