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Abstract

The crystal structure of the new compound Co7(TeO3)4Br6 is described together with the magnetic properties. The new compound crystallizes
in the monoclinic space group C2/c with the unit cell parameters a = 20.6532(5) Å, b = 8.6533(2) Å, c = 14.7262(5) Å, β = 124.897(3)◦,
Z = 4. The crystal structure was solved from single crystal data, R = 0.0242. The structure can be considered as layered and the building units are
[CoO4Br2] and [CoO2Br4] octahedra and [TeO3E] tetrahedra, E being the 5s2 lone pair on the Te(IV) ions. The magnetic properties of the com-
pound are characterised by antiferromagnetic correlations at high temperatures, strong deviation from the Curie–Weiss behaviour in a broad inter-
mediate temperature range and long range magnetic ordering setting-in at low temperatures. Magnetic ordering takes place in stages, being repre-
sented by two susceptibility anomalies, at TN = 33 K and TC = 27 K. The magnetic transition at TC is ferromagnetic (or ferrimagnetic) in character.
© 2006 Elsevier SAS. All rights reserved.
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1. Introduction

Cations of p-elements that have a stereochemically active
lone electron pair, e.g., Te4+, Se4+, As3+ and Sb3+, often adopt
an asymmetric or one-sided coordination to oxygen ions. If the
lone pair, designated E, is taken into account the coordination
can most often be described as tetrahedral, e.g., [SeO3E], or
trigonal bipyramidal, e.g., [TeO4E].

The family of transition metal tellurite halides has proved to
show great promise for finding low-dimensional compounds or
quantum spin systems [1–5]. In particular, the transition metal
tellurite halides relying on Cu2+, S = 1/2, ions manifests mag-
netism of intriguing complexity, revealing a number of exciting
new magnetic phenomena [6,7]. The low spin number of Cu2+,
enhancing the role of quantum fluctuations, is partially respon-
sible for these findings.
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Late transition metal cations coordinate to both oxygen and
halide anions while lone-pair cations most often form bonds
only to oxygen anions in the family of oxohalides; this differ-
ence in chemical affinity will further assist in the formation of
low-dimensional compounds. However, oxofluorides has been
excluded from the studies as the high electronegativity of F−
means that it regularly forms bonds to both late transition metal
cations and to lone-pair cations.

From the viewpoint of fundamental magnetism there is a
natural interest for synthesis and studies of non-copper-based
transition metal tellurite halides. Due to the diversity of its spin
states, cobalt seems as a good candidate. Although pronounced
quantum fluctuations are not expected in systems revealing spin
numbers larger than S = 1, interesting magnetism may gener-
ally arise from reduced magnetic dimensionality or connectiv-
ity, or from geometrically imposed frustration and/or specific
topology [8].

Two cobalt(II) tellurite-halide compounds are hitherto
known; Co2TeO3X2 (X = Cl,Br) and Co6(TeO3)2(TeO6)Cl2,
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the latter having mixed oxidation states on tellurium [9,10].
The objective of the present work was to further investi-
gate the system Co2+–Te4+–O–X and it resulted in the dis-
covery of the isostructural compounds Co7(TeO3)4Br6 and
Co7(TeO3)4Cl3.6Br2.4. The crystal structures and magnetic
properties are discussed.

2. Experimental

2.1. Synthesis and crystal growth

The new compounds Co7(TeO3)4Br6 and Co7(TeO3)4Cl3.6-
Br2.4 were synthesized via chemical vapor transport reactions.
The starting materials were CoO (Alfa Aesar 99.999%), TeO2

(Acros 99%) and CoBr2 (Alfa Aesar 99.9%). The single crys-
tals used in this study were grown from mixtures of CoO, TeO2,
and CoBr2 in the off-stoichiometric molar ratio 4 : 3 : 2.

The starting powders were mixed in an agate mortar, and
placed in silica ampoules that were sealed after evacuation to
10−5 Torr. The ampoules were heated slowly to 500 ◦C in a hor-
izontal electric furnace and held there for four days followed by
slow cooling by 50 ◦C/h to room temperature. This heating pro-
cedure was repeated three times. The resulting sintered powder
was blue and poly-phasic, and its phase composition was not
analyzed. Single crystals of the new compounds were prepared
by chemical vapor transport from the sintered powder as de-
tailed below.

For the Co7(TeO3)4Br6 single crystals, a portion (about 10–
20 g) of powder of the primary reaction product was enclosed
in evacuated (10−5 Torr) and sealed silica ampoules, along with
electronic grade HBr as transporting agent. The size of the
ampoule does not appear to be a determining factor. Typical
dimensions were 20–35 mm for the diameter and 200–250 mm
for the length. The choice of the length is related with the pro-
file of the temperature gradient. Small gradients between the
source and the growth zones produce a slower transport and
usually smaller size and less number of crystals, however of
higher quality.

The ampoules were then placed in two zone gradient fur-
naces. Charge and growth-zone temperatures were 600 and
400 ◦C respectively. After some few weeks purple platelets with
a size of 10 × 10 × 0.1 mm−3 of Co7(TeO3)4Br6 had grown in
the center of the ampoule. The ampoule also contained an un-
characterized blue powder.

For the Co7(TeO3)4Cl3.6Br2.4 single crystals, about 20 g
of the prepared powder mixture described above was placed
in a silica tube and subsequently evacuated. Electronic grade
HCl was added in sufficient quantity and used as transporting
agent. The ampoule was placed in a two zone gradient fur-
nace, where charge and growth-zone temperatures were 600
and 450 ◦C respectively. After four weeks, the formation of
purple platelet crystals with a size of 15 × 10 × 0.1 mm−3 of
Co7(TeO3)4Cl3.6Br2.4 had grown in the center of the ampoule
together with an uncharacterized blue powder.

The synthesis products were characterized in a scanning
electron microscope (SEM, JEOL 820) with an energy-disper-
sive spectrometer (EDS, LINK AN10000) confirming the pres-
ence and stoichiometry of Co, Te, Br and Cl.

2.2. Crystal structure determination

Single-crystal X-ray data were collected on an Oxford Dif-
fraction Xcalibur3 diffractometer using graphite-monochroma-
tized MoKα radiation, λ = 0.71073 Å. The intensities of the
reflections were integrated using the software supplied by the
manufacturer. Numerical absorption correction was performed
with the programs X-red [11] and X-shape [12]. The crystal
structures were solved by direct methods using the program
SHELXS97 [13] and refined by full matrix least squares on F 2

using the program SHELXL97 [14]. All atoms are refined with
anisotropic displacement parameters. Experimental parameters
for Co7(TeO3)4Br6 are reported in Table 1.

2.3. Magnetic susceptibility measurements

Magnetic AC susceptibility data were measured with a Cry-
oBIND system. The measuring amplitude of the applied AC
magnetic fields was relatively small (at the order of 1 Oe). Mag-
netic dc susceptibility was measured by the Faraday balance
method in the measuring field of 5 kG.

Table 1
Crystal data for Co7(TeO3)4Br6

Empirical formula Co7(TeO3)4Br6
Formula weight 1594.37
Temperature 292(3) K
Wavelength 0.71073
Crystal system Monoclinic
Space group C2/c
Unit cell dimensions a = 20.6532(5) Å

b = 8.6533(2) Å
c = 14.7262(5) Å
β = 124.897(3)◦

Volume (Å3) 2136.1(1)
Z 4
Density (calculated) 4.598 g cm−3

Absorption coefficient 21.927 mm−1

Absorption correction Numerical
F(000) 2812
Crystal colour Purple
Crystal habit Thin flakes
Crystal size (mm) 0.182 × 0.075 × 0.020 mm3

θ range for data collection 3.81–30.92◦
Index ranges −29 � h � 29

−12 � k � 12
−21 � l � 21

Reflections collected 18179
Independent reflections 3403 [Rint = 0.0368]
Completeness to θ = max ◦ 99%
Refinement method Full-matrix least squares on F 2

Data/restraints/parameters 3403/0/134
Goodness-of-fit on F 2 1.158
Final R indices [I > 2θ(I )] R1 = 0.0242

wR2 = 0.0549
R indices (all data) R1 = 0.0309

wR2 = 0.0575
Largest diff. peak and hole 2.712 and −1.715 (e Å−3)
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Single crystalline platelets were used in the AC susceptibil-
ity studies, the platelets were 2 × 2 × 0.1 mm and had irregular
shapes. Powdered single crystals were used in the dc suscepti-
bility studies.

3. Results

3.1. Crystal structure

The compound Co7(TeO3)4Br6 crystallise in the monoclinic
space group C2/c. Experimental parameters, atomic coordinates
and selected interatomic distances and angles are reported in
Tables 1, 2 and 3 respectively. The presence and stoichiometry
of the heavier elements has been confirmed by EDS analysis

Table 2
Atomic coordinates and equivalent isotropic displacement parameters for
Co7(TeO3)4Br6

Atom Wyck. x y z Ueq
a [Å2]

Te(1) 8f 0.38278(2) 0.49309(2) 0.09860(2) 0.1092(6)

Te(2) 8f 0.17521(2) 0.50214(2) 0.13890(2) 0.1073(6)

Co(1) 8f 0.33382(3) 0.39817(5) 0.33796(3) 0.0136(1)

Co(2) 8f 0.29264(3) 0.80871(5) 0.12419(3) 0.01205(9)

Co(3) 8f 0.29151(3) 0.18493(5) 0.12119(4) 0.0148(1)

Co(4) 4a 1/2 1/2 1/2 0.0244(2)

Br(1) 8f 0.41008(3) 0.68781(4) 0.32411(3) 0.0272(1)

Br(2) 8f 0.44858(2) 0.25849(4) 0.34912(3) 0.02023(8)

Br(3) 8f 0.38722(2) −0.01450(4) 0.11478(3) 0.01742(8)

O(1) 8f 0.2229(2) 0.5044(2) 0.2983(2) 0.0119(4)

O(2) 8f 0.2116(2) 0.7026(2) 0.1427(2) 0.0137(4)

O(3) 8f 0.2648(2) 0.3897(2) 0.1717(2) 0.0137(4)

O(4) 8f 0.3018(2) 0.6367(2) 0.0408(2) 0.0137(4)

O(5) 8f 0.3169(2) 0.3210(2) 0.0299(2) 0.0152(5)

O(6) 8f 0.4044(2) 0.5304(3) −0.0082(2) 0.0140(4)

a Ueq is defined as one-third of the trace of the orthogonalized U tensor.

Table 3a
Selected bond lengths (Å) for Co7(TeO3)4Br6

Te(1)–O(4) 1.845(2) Co(2)–O(2) 2.056(2)

Te(1)–O(5) 1.863(2) Co(2)–O(4) 1.995(2)

Te(1)–O(6) 1.891(2) Co(2)–O(4)iii 2.122(2)

Te(2)–O(1) 1.958(2) Co(2)–Co(2)iii 3.181(5)

Te(2)–O(2) 1.862(2) Co(2)–Co(3)v 3.222(1)

Te(2)–O(3) 1.888(2) Co(3)–Br(2) 3.1189(6)

Co(1)–Br(1) 3.0069(6) Co(3)–Br(3) 2.6545(6)

Co(1)–Br(2) 2.5748(6) Co(3)–O(1)ii 2.071(2)

Co(1)–O(1) 2.211(2) Co(3)–O(3) 2.098(2)

Co(1)–O(2)ii 2.017(2) Co(3)–O(5) 2.061(2)

Co(1)–O(3) 2.009(2) Co(3)–O(5)vi 2.066(2)

Co(1)–O(6)i 1.963(2) Co(3)–Co(3)vi 3.150(5)

Co(1)–Co(2)ii 3.063(1) Co(4)–Br(1) 2.6909(4)

Co(1)–Co(3) 3.331(2) Co(4)–Br(1)viii 2.6909(4)

Co(1)–Co(4) 2.977(1) Co(4)–Br(2) 2.7644(3)

Co(2)–Br(1) 2.7298(6) Co(4)–Br(2)viii 2.7644(3)

Co(2)–Br(3)v 2.5370(5) Co(4)–O(6)i 1.927(2)

Co(2)–O(1)iv 2.153(2) Co(4)–O(6)vii 1.927(2)

Symmetry transformations used to generate equivalent atoms:
i x,1 − y,0.5 + z; ii 0.5 − x,−0.5 + y,0.5 − z; iii 0.5 − x,

1.5 − y,−z; iv 0.5 − x,0.5 + y,0.5 − z; v x,1 + y, z; vi 0.5 − x,

0.5 − y,−z; vii 1 − x, y,0.5 − z viii 1 − x,1 − y,1 − z.
Table 3b
Selected bond angles (◦) for Co7(TeO3)4Br6

O(4)–Te(1)–O(5) 95.1(1) O(4)iii–Co(2)–Br(1) 170.35(6)

O(4)–Te(1)–O(6) 95.0(1) O(4)iii–Co(2)–Br(3)v 92.20(6)

O(5)–Te(1)–O(6) 97.4(1) O(4)iii–Co(2)–O(1)iv 96.75(8)

O(2)–Te(2)–O(3) 98.2(1) Br(3)–Co(3)–Br(2) 80.27(2)

O(2)–Te(2)–O(1) 92.12(9) O(1)ii–Co(3)–Br(2) 86.32(7)

O(3)–Te(2)–O(1) 87.21(9) O(1)ii–Co(3)–Br(3) 83.90(6)

Br(2)–Co(1)–Br(1) 83.62(2) O(1)ii–Co(3)–O(3) 105.54(8)

O(1)–Co(1)–Br(1) 98.42(5) O(3)–Co(3)–Br(2) 76.28(7)

O(1)–Co(1)–Br(2) 170.08(6) O(3)–Co(3)–Br(3) 154.47(7)

O(2)ii–Co(1)–Br(1) 176.42(7) O(5)–Co(3)–Br(2) 95.26(7)

O(2)ii–Co(1)–Br(2) 95.19(7) O(5)–Co(3)–Br(3) 82.42(6)

O(2)ii–Co(1)–O(1) 83.33(9) O(5)–Co(3)–O(1)ii 165.76(9)

O(3)–Co(1)–Br(1) 88.91(6) O(5)–Co(3)–O(3) 88.58(8)

O(3)–Co(1)–Br(2) 92.65(7) O(5)–Co(3)–O(5)vi 80.5(1)

O(3)–Co(1)–O(1) 77.73(9) O(5)vi–Co(3)–Br(2) 169.53(6)

O(3)–Co(1)–O(2)ii 94.52(9) O(5)vi–Co(3)–Br(3) 108.43(6)

O(6)i–Co(1)–Br(1) 75.50(7) O(5)vi–Co(3)–O(1)ii 100.17(9)

O(6)i–Co(1)–Br(2) 91.31(7) O(5)vi–Co(3)–O(3) 93.44(9)

O(6)i–Co(1)–O(1) 98.60(9) Br(1)–Co(4)–Br(2) 86.40(1)

O(6)i–Co(1)–O(2)ii 101.18(9) Br(1)–Co(4)–Br(2)viii 93.60(1)

O(6)i–Co(1)–O(3) 163.39(9) Br(1)viii–Co(4)–Br(1) 180.0
Br(3)v–Co(2)–Br(1) 92.77(2) Br(1)viii–Co(4)–Br(2) 93.60(1)

O(1)iv–Co(2)–Br(1) 91.90(6) Br(1)viii–Co(4)–Br(2)viii 86.40(1)

O(1)iv–Co(2)–Br(3)v 85.25(6) Br(2)–Co(4)–Br(2)viii 180.0
O(2)–Co(2)–Br(1) 88.72(7) O(6)i–Co(4)–Br(1) 84.40(7)

O(2)–Co(2)–Br(3)v 169.11(6) O(6)i–Co(4)–Br(1)viii 95.60(7)

O(2)–Co(2)–O(1)iv 83.92(9) O(6)i–Co(4)–Br(2) 86.57(6)

O(2)–Co(2)–O(4)iii 87.96(9) O(6)i–Co(4)–Br(2)viii 93.43(6)

O(4)–Co(2)–Br(1) 92.60(7) O(6)i–Co(4)–O(6)vii 180.0
O(4)–Co(2)–Br(3)v 93.42(7) O(6)vii–Co(4)–Br(1) 95.60(7)

O(4)–Co(2)–O(1)iv 175.37(9) O(6)vii–Co(4)–Br(1)viii 84.40(7)

O(4)–Co(2)–O(2) 97.29(3) O(6)vii–Co(4)–Br(2) 93.43(6)

O(4)–Co(2)–O(4)iii 78.85(9) O(6)vii–Co(4)–Br(2)viii 86.57(6)

Symmetry transformations used to generate equivalent atoms:
i x,1 − y,0.5 + z; ii 0.5 − x,−0.5 + y,0.5 − z; iii 0.5 − x,1.5 − y,

−z; iv 0.5 − x,0.5 + y,0.5 − z; v x,1 + y, z; vi 0.5 − x,0.5 − y,

−z; vii 1 − x, y,0.5 − z viii 1 − x,1 − y,1 − z.

which gives; 38.9 at% Co, 23.2 at% Te and 37.9 at% Br which
is in good agreement with the structure refinement that gives;
41.2 at% Co, 23.5 at% Te and 35.3 at% Br.

Attempts to synthesize a Cl-analogue failed, but the mixed
halide compound Co7(TeO3)4Cl3.6Br2.4 was found. It is iso-
structural with the Br-analogue and the unit cell was found to
be a = 20.6724, b = 8.4932, c = 14.6326 Å, and β = 125.77◦.
EDS analysis on ten crystals gave as average; 37.7 at% Co, 23.6
at% Te, 22.4 at% Cl, and 16.2 at% Br. This indicate that the
halide positions are occupied by 58% Cl and 42% Br. Structural
refinement of the Cl/Br occupancy using single crystal X-ray
diffraction data yielded the composition Co7(TeO3)4Cl3.6Br2.4

which means 60% Cl and 40% Br at the halide positions which
thus is in very good agreement with EDS data. As the two com-
pounds are isostructural the crystal structure of the mixed Cl/Br
compound will not be further discussed in this article.

The two crystallographically different Te4+ cations both
have tetrahedral [TeO3E] coordination with Te–O distances in
the range 1.845–1.958 Å. In many tellurites and tellurite-halides
there is also a forth oxygen present with a Te–O distance in be-
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tween 2 and 3 Å [1,15,16], however, such a forth oxygen is not
present in the new compound making it likely that there also ex-
ist a Se4+ analogue as the [SeO3E] coordination is dominating
in selenites and selenite-halides [17–19].

There are four crystallographically different Co positions
in the structure. Three of these have octahedral coordination
where the two Br ions are cis-positioned to each other. The
fourth Co2+ cation has an octahedral [Co(4)O2Br4] coordina-
tion with all four Br anions positioned in the square plane, see
Fig. 1.

The structure can be described as layered in the bc-plane.
The cobalt polyhedra in the layers are connected so that two

Fig. 1. The coordination around the four crystallographically different Co2+
cations with ellipsoids drawn at the 50% probability level.
types of weaving chains (A and A′) extend along the b-
direction. The chains are built by groups of two edge sharing
[Co(2)O4Br2] and groups of two egde sharing [Co(3)O4Br2]
polyhedra. These chains are then connected via corner and
edge sharing to [Co(1)O4Br2] octahedra and via corner shar-
ing to [TeO3E] tetrahedra to form the layers, see Fig. 2. The
layers are then joined by [Co(4)O2Br4] octahedra, see Fig. 3.
The lone-pairs protrude out from the layers into non-bonding
regions were also the Br atoms are located, see Fig. 3. Such
non-bonding regions are common in tellurite halide compounds
[1,9,10].

3.2. Magnetic properties

Magnetic susceptibilities of the Co7(TeO3)4Br6 system have
been studied by both DC- and AC-susceptibility techniques.
Temperature dependence of DC-susceptibility, represented by
its inverse 1/χ , is shown in Fig. 4. Obviously, there are three
characteristic ranges—a Curie–Weiss (CW) type of tempera-
ture dependence, 1/χ = (T − θCW)/C, obeyed at high temper-
atures (above 150 K), a systematic downturn deviation from the
CW behaviour in the intermediate temperature range (35 K <

T < 150 K) while below 35 K there are clear indications of
magnetic orderings. In the high temperature CW-regime lin-
ear data fit provides the value of the Curie constant, C =
20.4 emu·K/mol. The effective number of Bohr magnetons μeff
(= (3kBC/(NMμ2

B))1/2) is therefore μeff ≈ 4.8 coinciding with
the characteristic experimental value for Co2+ ions in diluted
magnetic systems [20]. Considering the 3d7 orbital configura-
tion of Co2+ the latter result is compatible with the high-spin
S = 3/2 ground state favoured by Hund’s rules [20]. However,
the related g-factor (g ≈ 2.5) deviates from the free electron
Fig. 2. One layer of Co7(TeO3)4Br6 built up by two different chains of [CoO4Br2] octahedra marked A and A′. The chains are connected to form layers via the
[Co(1)O4Br2] octahedra and the [TeO3E] tetrahedra. View along the [101] direction.
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Fig. 3. The structure of Co7(TeO3)4Br6 were the layers are made up of [TeO3E] tetrahedra and different Co(1), Co(2) and Co(3) octahedra, which are connected
via the Co(4) octahedra. The inset shows channels on non-bonding regions running along the [001] direction.
Fig. 4. Curie–Weiss fit of measured DC susceptibility of pow-
dered Co7(TeO3)4Br6 single crystals. Parameters consistent with the
high-temperature Curie–Weiss behaviour are shown in the top panel. Bottom
inset illustrates the temperature dependence of the effective number of Bohr
magnetons (see, main text).

value (g ≈ 2) revealing incomplete quenching of the orbital de-
grees of freedom and the importance of crystal (ligand) field
effects. Pronounced deviation from CW behaviour in the inter-
mediate temperature range is illustrated in Fig. 4 by temperature
dependences of both 1/χ and μeff. At about 33 K long range
magnetic order sets-in.

More information about the magnetic ordering phenomena
has been obtained from AC susceptibility studies. In these stud-
ies a small measuring AC field of the order of 1 Oe and a
measuring field frequency of 430 Hz have been employed. The
magnetic ordering takes places in stages as there are two pro-
nounced ordering events, at TN = 33 K and at TC = 27 K. A
remarkable feature of the latter transition is the extremely sharp
and sizable imaginary susceptibility χ ′′ peak, a fingerprint of
the onset of strongly dissipative magneto-dynamics, see Fig. 5.
Fig. 5. AC susceptibility of single-crystalline sample (sample mass 1.6 mg)
in the magnetic ordering transition temperature region. Results for both real
(χ ′ , circles) and imaginary (χ ′′ , triangles) susceptibility are shown. The solid
line connects the χ ′′-data points. The ferromagnetic (or ferrimagnetic) transi-
tion at 27 K is accompanied by unusually big and extremely sharp imaginary
susceptibility peak.

4. Discussion on the magnetic properties

As one could expect from the complex crystal structure, in-
volving four crystallographically different Co atoms, the mag-
netic properties of Co7(TeO3)4Br6 are complex as well. The
complexity applies both to the broad temperature range above
magnetic orderings and to the ordering itself. A detailed inter-
pretation of the magnetic structure and mechanisms ruling the
magnetic behaviour of Co7(TeO3)4Br6 is very demanding and
will not be attempted in this study. Instead, we present here just
the general framework that we find relevant for basic under-
standing of magnetic properties of the compound.

A most remarkable feature in the paramagnetic state is a
pronounced deviation from CW behaviour. There are several
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possible reasons for the later deviation, from the reduced ef-
fective magnetic dimensionality, disordering effects of impuri-
ties, to the possibility of temperature dependent repopulation
of various spin states, to name a few. However, the most com-
mon cause for the deviation stems from magnetic features of
single Co2+ ions in an octahedral ligand field. As it is well-
known for certain 3d configurations (in particular for d1, d2,
d6 and d7) the single ion susceptibility is, in principle, strongly
temperature dependent [21,22]. In some cases the temperature
dependence may reveal a CW-like form. The single ion contri-
bution relies on the energy splitting (‘zero-field splitting’) be-
tween the t2g and eg 3d orbitals introducing, in turn, a g-factor
anisotropy [20–22]. Assuming the presence of ligand field ef-
fects Curie–Weiss formalism becomes a misleading concept for
the interpretation of the observed χ(T ) dependence as it has
nothing to do with cooperative magnetic phenomena. However,
as magnetic order undoubtedly sets-in below 35 K, coopera-
tive magnetic correlations are present in the system far above
35 K. While in the intermediate temperature range single ion
effects prevent us from any insight into these correlations the
high-temperature CW behaviour might be consistent, in view of
θCW being negative in sign (Fig. 4), with antiferromagnetic spin
correlations. Accordingly, the cusp-like anomaly at TN = 33 K
could be interpreted as an evidence of AF ordering transition.
The second sharply peaked anomaly at TC = 27 K can only be
attributed, due to its size and sharpness, to three-dimensional
ferromagnetic or, perhaps, ferrimagnetic ordering. It is there-
fore quite probable to expect presence of the coexisting anti-
ferromagnetic and ferromagnetic correlations in the magnetic
structure of Co7(TeO3)4Br6.

The most striking element in magnetic ordering represents
however the ‘explosion’ of imaginary susceptibility χ ′′, just
at the temperature at which long-range ferromagnetic (or fer-
rimagnetic) order has been established, see Fig. 5. To the best
of our knowledge such an observation has not been reported
so far for any compound before. Generally, non-zero χ ′′ tells
about the presence of dissipative magnetic excitations in the
system: induced sample magnetization then lags in phase be-
hind the applied low-frequency field due to transfer of energy to
the lattice. Generally, transfer of energy from magnetic system
can be mediated by some relaxation or resonance mechanism,
usually in the radio-frequency range [20]. As the frequency of
our applied AC field is orders of magnitude lower we interpret
the observed feature of χ ′′ in a traditional framework of the
dissipative domain-wall motion. Indeed, dissipation sets-in just
at the point of ferromagnetic domains formation. However, the
size and sharpness of the effect requires additional studies in
order to characterize the properties of the domain-wall pinning
potential and other involved mechanisms responsible for such a
unique feature of the Co7(TeO3)4Br6 magnetism.

At present we can only speculate about the magnetic struc-
ture of Co7(TeO3)4Br6 and the involved interactions at the mi-
croscopic level. It seems reasonable to assume that the magnetic
structure might be determined by the layered crystal structure
(and planar sample morphology) rendering the effective mag-
netism two-dimensional. This possibility will be a subject for
future investigations.
5. Conclusions

Large single crystals of the new compound Co7(TeO3)4Br6
in form of platelets with a size of 10 × 10 × 0.1 mm−3 were
synthesized by a chemical transport reaction in sealed and
evacuated silica tubes from CoO, TeO2, CoBr2 in the off-
stoichiometric molar ratio 4 : 3 : 2 with HBr as transporting
agent. The charge and growth-zone temperatures were 600 and
400 ◦C respectively. Also Co7(TeO3)4Cl3.6Br2.4 single crystals
were grown from the same starting mixture but with HCl as
transporting agent over the temperature gradient 600 to 450 ◦C.
The new compounds are isostructural and crystallise in the cen-
trosymmetric monoclinic space group C2/c. The structure can
be described as layered in the bc-plane. The layers are built
by edge and corner sharing [CoO4Br2] octahedra and via cor-
ner sharing to [TeO3E] tetrahedra. The layers are joined by
[CoO2Br4] octahedra. Non-bonding regions are formed were
the lone pairs on Te4+ and the Br atoms are located.

The magnetic properties of Co7(TeO3)4Br6 are character-
ized by 3d7, S = 3/2, spin state and magnetic susceptibility
strongly deviating from the Curie–Weiss behaviour in a broad
temperature range. Below 35 K there are two successive mag-
netic transitions, attributed to antiferromagnetic and ferromag-
netic (or ferrimagnetic) magnetic orderings, respectively. The
latter magnetic ordering is accompanied by intriguing magnetic
dynamics.

Supplementary material

Supplementary material for Co7(TeO3)4Br6 has been sent
to Fachinformationzentrum Karlsruhe, Abt. PROKA, 76344
Eggenstein-Leopoldshafen, Germany (fax +49 7247 808 666;
e-mail: crysdata@fiz-karlsruhe.de), and can be obtained on
quoting the deposit number CSD-416145.
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