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The complex ac dynamic magnetic susceptibility was used to study the mictomagnetic-like behavior in
polycrystalline Cd0.87Cr1.93V0.06Se4 spinel. The temperature dependences of the zero field in-phase (real part)
and out-of-phase (imaginary part) components of fundamental susceptibility measured at the oscillating field
Hac = 0.5 Oe and at the constant frequency of 125 Hz are characteristic for the mictomagnetic order. These
results well correlate with the anomalies in the second and third harmonics of the ac susceptibility indicating the
cluster glass.

PACS: 72.80.Jc, 75.50.Pp, 75.50.Dd

1. Introduction

The electrical and magnetic investigations carried out
on the polycrystalline spinels with the general chemi-
cal formula CdxCryVzSe4 (where z = 0.06, 0.12, 0.24,
and 0.31) revealed semiconducting and ferromagnetic
properties with an almost constant Curie temperature
TC = 128 K and a Curie–Weiss temperature (θCW) de-
creasing from 160 K for z = 0.06 to 140 K for z = 0.31 [1].
The Cd0.87Cr1.93V0.06Se4 spinel pays special attention
because it showed a change of thermopower sign from p
to n at 243 K and a step-like structure of the electri-
cal conductivity (SLS EC). This structure has been ex-
plained in a framework of the impurity conduction and
hopping conduction as well as with the formation of fer-
romagnetic clusters in the Cr band, which is partly im-
perfect by cation deficiency from one side and weakly
diluted by the V3+ ions forming the 3d2t22ge

0
g band from

the other [1]. The SLS EC effect was first discovered
in the Zn1−xGa2x/3Cr2Se4 spinel system for the sin-
gle crystal containing 3% Ga ions [2] and next in the
CdCr2−xGaxSe4 spinel system for the single crystal con-
taining 1.5% Ga ions occupied in both cases the oc-
tahedral sites [3]. Pure CdCr2Se4 combines a p-type
semiconducting behaviour of the Arrhenius type and
ferromagnetic order via superexchange interaction with
TC = 142 K and θCW = 190 K [4].

The main purpose of the present work is an attempt
to study in more detail a magnetic order and correlate
it with the SLS EC phenomenon of the polycrystalline
Cd0.87Cr1.93V0.06Se4.

2. Experimental details

Powder sample of the Cd0.87Cr1.93V0.06Se4 spinel was
obtained by a ceramic method [5]. The X-ray diffraction

and a precise atomic content determination were done
with the aid of the SIEMENS D5000 diffractometer and
the energy-dispersive X-ray spectrometry (EDXRF), re-
spectively, showing a single-phase material with a cu-
bic spinel structure (Fd3m) and a lattice parameter of
1074.70 pm. The composition studied in this paper is
the same as reported in Ref. [1].

The dynamic ac magnetic susceptibilities using a Lake
Shore 7225 ac susceptometer were measured in the zero-
-field-cooling mode. The in-phase χ′1 and out-of-phase
χ′′1 components of the ac fundamental susceptibility were
recorded in the temperature range 4.2–150 K simulta-
neously as a function of temperature in an oscillating
field Hac = 0.5 Oe with frequency of 125 Hz and in the
different external magnetic fields Hdc changing from 0
to 5 kOe. The signals of the second (χ2) and third (χ3)
harmonics associated with nonlinear susceptibilities were
detected as a function of temperature using an oscillating
field of 1 Oe without the applied external magnetic field.

3. Results and discussion

Figure 1 shows the temperature dependence of the dy-
namic magnetic susceptibility recorded at Hac = 0.5 Oe
with frequency f = 125 Hz. For Hdc = 0 the χ′1(T ) shows
a linear increase up to 50 K, the paraprocess in the range
50–100 K, a constant value in the range 100–125, and a
sharp drop at TC = 128 K. With increasing Hdc from
100 to 5 kOe the χ′1 intensity suppresses, TC shifts to
higher temperatures and simultaneously a broad hump
occurs with a maximum shifting to lower temperatures.
The χ′′1(T ) reveals the largest energy lost in the range
4.2–50 K with maximum at 20 K slightly shifting to lower
temperatures as Hdc increases. The χ′1(T ) dependence
seems to be attributed to the cluster glass-like behaviour
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Fig. 1. In-phase χ′1 and out-of-phase χ′′1 components of
zero field fundamental susceptibility vs. temperature T
recorded at Hac = 0.5 Oe with f = 125 Hz for external
magnetic fields Hdc changing from 0 to 5 kOe.

Fig. 2. In-phase χ′2 and out-of-phase χ′′2 components
of second harmonics of zero field susceptibility vs. tem-
perature T recorded at Hac = 1 Oe with f = 80 Hz.

where the local correlations of the magnetic ions (as pairs,
triplets, and so forth) are coupled by direct exchange [6].

Figures 2 and 3 show the higher harmonics of dynamic
susceptibility, i.e. the second χ2(T ) and third χ3(T )
which have one feature in common: they vanish above
TC in accordance with the simple molecular field the-

Fig. 3. In-phase χ′3 and out-of-phase χ′′3 components
of third harmonics of zero field susceptibility vs. tem-
perature T recorded at Hac = 1 Oe with f = 125 Hz.

Fig. 4. In-phase χ′1 and out-of-phase χ′′1 components
of zero field fundamental susceptibility vs. tempera-
ture T for CdCr2Se4 recorded at Hac = 1 Oe with
f = 125 Hz for external magnetic fields Hdc changing
from 0 to 1 kOe.

ory [7]. The in-phase second χ′2 and third χ′3 harmonics
change their signs in opposite way both at 15 K and TC.
Next, the out-of-phase second χ′′2 and third χ′′3 harmon-
ics reveal the energy dissipation at TC and 15 K, respec-
tively. The negative value of the real part and the posi-
tive value of the imaginary part of the 2nd harmonic of
the ac magnetic susceptibility (Fig. 2) are the experimen-
tal signatures of the spin glass state. Here, the partially
destroyed ferromagnetic (via superexchange) interaction
may result purely from the geometry or topology of the
lattice (known as the geometric frustration). This is con-
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nected mainly with the V substitution, because the V ion
has a larger radius (64 pm) and smaller magnetic moment
in comparison with the Cr one (61.5 pm [8]).

Figure 4 shows the temperature dependence of the dy-
namic magnetic susceptibility of the CdCr2Se4 matrix
recorded at Hac = 1 Oe with frequency f = 125 Hz for
comparison. For Hdc = 0 the χ′1 reveals typical ferromag-
netic order and the χ′′1 oscillates close to zero indicating
a lack of the energy dissipation. A striking difference
between the χ′1(T ) dependences in Figs. 1 and 4 is evi-
dent. On the other hand, χ′1 shows a peak near the Curie
temperature when heating the sample in a fixed (small)
magnetic field [9]. This is characteristic for the Hopkin-
son effect in the samples consisting of fine powders of
single domain particles [10, 11].

4. Conclusions

It is clearer now that the mictomagnetic order in the
Cd0.87Cr1.93V0.06Se4 can occur and the small groups
around the V ions coexist as the spin-glass entities em-
bedded in a ferromagnetic matrix. From the other hand,
Monte Carlo simulations carried out on large samples
of two-dimensional and three-dimensional Ising models
confirmed that for critical concentrations (i.e., for the
fraction of negative interactions and for the fraction of
frustrated spins) the magnetic defect structures (clusters)
appear leading to the unusual changes of the physical
properties [12]. Thus, a mictomagnetic order, i.e. a clus-
ter glass maybe the main reason of the appearance of a
step-like structure of the electrical conductivity experi-
mentally observed in the studied spinel.

One can conclude that a presence of a few percent of
the V ions in the octahedral positions makes easier a
rapid increase in conductivity with increasing tempera-

ture as well as a dissolution of the ferromagnetic spin
clusters on going towards the paramagnetic limit.
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