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CRITICAL BEHAVIOUR OF THE CdCr.Se., HgCr.Se. AND
CuCr,Se. SPINELS NEAR THEIR CURIE POINTS*

By W. ZArek
Institute of Physics, Silesian University, Katowice**
( Received March 17, 1977)

For the chalcogenide spinels CdCr,Se,, HgCr.Se, and CuCr, Se, the specific magnet-
ization o vs magnetic field H and temperature T were determined for temperatures close
to their Curie points T. Sharp kinks in the o(T) plots were observed in magnetic fields up
to 20 Oe. These kinks were used for the determination of the Curie points, the temperature
dependence. of the spontaneous magnetization o, near T. and the critical exponent
B(6o ~ (T~ T)P). The results of the magnetization measurements as a function of the magnetic
field intensity for 5-10~* <& = T—T./T: < 5 - 10~3 were used for the determination of critical
exponent ¥, which characterizes temperature changes of the initial magnetic susceptibility
%o near Te (x5 ' ~ (T—T.)"), and exponent & for the critical isotherm (o~ H e‘é‘.’). The
obtained values of the critical exponents B =~ /5, » ~ 4/; and 6 =~ 4.2 seem to suggest
that the spinels investigated are the Heisenberg ferromagnet.

1. Introduction

The critical behaviour of ferromagnet near the Curie point T, has been the' subject
of many experimental [1-10] and theoretical works [11-21]. It was found that changes
of the spontaneous magnetization ¢, and initial magnetic susceptibility y, with temper-
ature T near T, follow the dependences:

ofT) = AT,-TY TST, m
%' (T =BT-Ty TR2T, &)

whereas changes of magnetization with the effective magnetic field intensity H, satisfy
the dependence

o(Hetr) = CH df T=xT. €))
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Here 8,7 and & are the critical exponents characteristic of a given ferromagnetic. Their
experimental values lie in the ranges:

0.33 < Begp < 1.96
0.91 < pg, < 1.37
2.0 < 8oy < 7.0

Theoretical considerations of the critical behaviour of ferromagnet near 7, have revealed
that in the case of the cubic lattice; the exponents f, y and & assume the following values:
in the molecular field theory = 1/2, y = 1, 6 = 3; in the three-dimensional Ising’s
model 0.3 < < 5/16, y = 5/4, 6 = 5.2; and in the Heisenberg’s model § = 1/3, y = 4/3,
¢ = 5. It means that the experimental determination of the values of the critical exponents
B and y for a given femmagnet enables us to attribute it a suitable model elucidating its
magnetic properties.

In the present work I would like to show the results of study of critical behaviour
near the Curie point for selenospinels CdCr,Se,, HgCr,Se,, and CuCr,Se,.

2. Experimental

Measurements in magnetic fields H, > 100 Oe were performed using an electromagnet
of the Weiss type. The magnetic properties of ferromagnet in weak magnetic fields (up to
100 Oe) were measured using a specially designed measuring assembly (Fig. 1) consisting
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Fig. 1. The schema of the set-up for measuring magnetic properties in weak magnetic fields. I — Helmholz

coils creating weak magnetic fields. 2 — Helmholz coils creating the magnetic field gradient. 3 — A magnetic

balance. 4 — Suspension of the magnetic balance. 5 — A sample. 6 — A cruciform support. 7 — A micro-
metric ocular. 8 — A support for changing the position of the coils I relative to the coils 2
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of two pairs of Helmholz coils coaxially fixed on a common stand. The coils (1) were
connected in series to create a uniform weak magnetic field H, = 24 i, directed along
the vertical z axis. This field is proportional to the current intensity #; flowing through
the coils. The coils (2) are connected in the push-pull system and create a gradient of the
magnetic field intensity dH,/dz = 2.86 i,, which is directed along the z axis and propor-
tional to the current intensity i, in the gradient coils.

The specific magnetization ¢ and magnetic susceptibility y were measured using the
Faraday method [23].

The specific magnetization and magnetic susceptibility of polycrystalline selenospinels
CdCr,Sz4, HgCr,Sz, and CuCr,Ss, were measured in outer magnetic fields from 2 to
8000 Oe at 90-150 K for CdCr,S2, and HgCr,Se, and 400-430 K for CuCr,Se,.

The specific magnetization and magnetic susceptibility were measured to within 1%
and the temperature of a sample was stabilized and measured to within 0.1 K. The study
was carried out for spherically shaped samples. The sample demagnetizing field was
taken into account in the treatment of the results.

3. Results and discussion

Figs 2, 3 and 4 present the temperature changes of specific magnetization near Curie
points, as obtained in weak magnetic ficlds for CdCi;8:4, HgCry8:4 and CuCr,Sz,,
respectively. It can be seen that near T, in effective magnetic fields up to 20 Oe, there
occurs a sharp kink on the ¢(T) curves. This kink shifts towards lower temperatures with
an increase in magnetic field intensity. The kink in low magnetic ficlds was used to determine
the Curie point of the selenospinels investigated and the temperature changes of their
spontaneous magnetization near 7, [22]. ‘

The critical coefficient p (Eq. (1)) was determined from the slope of the dependence
In (63) = f[ln (T,—T)] (Fig. 5) plotted for such the temperature range, for which
5:-10*<e=T,—T/T, <5103 " -

Extrapolation of the isotherms Hgfo = f(6?) to 6 = 0 gave values of the reciprocals
of initial magnetic susceptibility xo ! near T,. From the slope of the line In(y5?') =
= flin(T-T)lfor 5-10*<e<5- 10-3 (Fig. 6) the critical cocefficient y was determined
(Eq. ().

The critical coefficient & (Eq. (3)) was determined from the slope of the linelno =
= f[In H,}, plotted for & = 2 -10~* (Fig. 7).

The obtained values of the critical exponents 8, y,  and Curie temperatures for the
selenospinels investigated are given in Table L

It can be seen that the values of the critical exponents § and y are, within the experi-
mental error limits, 1/3 and 4/3 which were theoretically predicted for the Heisenberg
ferromagnets [12, 19]. It was also found that the critical exponents B, y and & follow,
within the experimental error limits, the scaling law

y = BEG-1).
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Fig. 2. Temperature changes of the specific magnetization of CdCr,Se, near the Curie point, measured
in effective magnetic fields up to 30 Oe

Fig. 3. Temperature changes of the specific magnetization of HgCr,Se, near the Curie point, measured
in effective magnetic fields up to 50 Oe

To check the magnetic state equation all the experimental data were plotted as a
function H,e? = floef).

Fig. 8 shows the above mentioned dependence for CdCr,Se,. The same dependences
H 4 ¢ = f[oe?] were obtained for HgCr,Sz, and CuCr,Se,. The experimental points lie
on two curves for T < T, and T > T,, with that the latter curve passes through the origin
of the coordinates.
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Fig. 4. Temperature changes of the specific magnetization of CuCr,Se, near the Curie point, measured
in effective magnetic fields up to 25 Oe U
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Fig. 5. The dependence In (63) = f[In (Tc—T)] near the Curie point for the selenospinels investigated
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Fig. 6. The dependence In (¥, 1y = fIn (T—T.)] near the Curie point for the selenospinels investigated
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Fig. 7. The dependence In o = f[In Heer] obtained for T2 Ty (e = 2% 10%)

TABLE 1
Spinel T, [K] B 14 é
CdCr,Se, 126.20+0.05 0.34+0.02 1.29+0.02 42+03
HgCr,Se, 112-Q4i0-05; 0.3410.02, 1.30+£0.02 4.14+0.3
* CuCr,Ses 117.20+£0.05 0.37+0.02- 1.324+0.02 4.2+0.3
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The results obtained are in a good agreement with those obtained for CdCr,Se,
[9, 10] and show that the selenospinels investigated fulfill the equation of magnetic
states.
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Fig. 8. The dependence Hesee?® = f(asP) for the selenospinel CdCr,Se,
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