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Two examples of transition metal molybdates were studied with the use of X-ray di�raction and DC mag-

netometry techniques. First compound, copper dimolybdate trihydrate CuMo2O7·3H2O contains 2D layers. The
second one is �brillar cobalt trimolybdate octahydrate CoMo3O10·8H2O. Both compounds exhibit paramagnetic
behaviour at room temperature. However, in the �rst one copper ions form dimers linked by oxygen bridges, in
which exchange interactions between two localized spin states occur. The second compound consists of isolated
cobalt ions in the octahedral surroundings, resulting in magnetic properties deviating from the Curie law.
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1. Introduction

In this work we report our joint experimental ef-
forts to understand the behavior of CuMo2O7·3H2O and
CoMo3O10· 8H2O, henceforth abbreviated as {CuMo2}
and {CoMo3}.
The space group of {CuMo2} is P-1 with lattice pa-

rameters a = 8.678(7) Å, b = 9.289(4) Å, c = 6.064(5) Å,
α = 90.72(9)◦, β = 95.99(5)◦, γ = 97.42(8)◦, and for
{CoMo3} the space group is P21/c with lattice parame-
ters a = 12.072(3) Å, b = 19.833(2) Å, c = 7.624(9) Å,
β = 107.58(5)◦. The �rst compound contains two-
dimensional layers of dimolybdate chains interconnected
by [Cu2O4(H2O)6]4+ (Fig. 1). Copper ions with spin
SCu = 1/2 are grouped in isolated pairs forming dimers.

Fig. 1. View of the structure {CuMo2} along the b
crystallographic axis. The water molecules are not
shown for clarity.

The second compound consists of zigzag anionic chains
of Mo3O2−

10 which are separated by [Co(H2O)2+6 ] and wa-
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ter molecules (Fig. 2). In this sample Co ions are in al-
most perfect octahedral geometry, with spin SCo = 3/2.
Molybdenum in both cases is Mo+6 with spin SMo = 0.

Fig. 2. Structure of {CoMo3} along the a crystallo-
graphic axis. The water molecules are not shown for
clarity.

2. Experimental

The polycrystalline samples of {CuMo2}and {CoMo3}
were synthesized according to the methods reported
in [1]. X-ray powder di�raction patterns for both com-
pounds were collected on a Philips X'pert Pro di�rac-
tometer in transmission mode.
The Quantum Design SQUID MPMS-XL magnetome-

ter was used to measure the isothermal magnetization at
T = 4 K in the �eld range of [�55, 55] kOe and the static
magnetic susceptibility χdc in the temperature range of
2.0�300 K and in the applied �eld of 500 Oe.

3. Results and discussion

Figure 3 presents the dc susceptibility for {CuMo2}
in terms of χ · T as a function of temperature. In the
case of an ordinary paramagnetic compound this type
of plot should show a linear behaviour with constant
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value, which is the Curie constant. However this nonlin-
ear shape of the curve in Fig. 3 is characteristic for din-
uclear compounds with isotropic interactions [2]. Cu2+

ions in {CuMo2}, each with SCu = 1/2, form pairs which
are linked by O2−. Those two local doublet states inter-
act with each other, which causes that the total spin of
SCu−Cu = 1 or SCu−Cu = 0 is a good quantum number.
Moreover the decrease of the χ · T values at low temper-
atures apparent in Fig. 3 suggests an antiferromagnetic
interaction [2].

Fig. 3. χ · T as a function of temperature with Hdc =
500 Oe for {CuMo2}.

Fig. 4. χ · T as a function of temperature with Hdc =
500 Oe for {CoMo3}.

In the case of {CoMo3} the Co2+ ions do not inter-
act with each other, however the shape of the χ · T plot
(Fig. 4) is also far from the Curie law type. This is due
to the nonvanishing zeroth-order contribution of the or-
bital angular momentum to the total magnetic moment
of the ion.

Fig. 5. Magnetization as a function of applied �eld at
T = 4.0 K for both compounds.

The results of isothermal magnetization for both com-
pounds at T = 4.0 K can be seen in Fig. 5. It can be
noticed that for both compounds the magnetization fails
to saturate in the �eld of 55 kOe. The saturation values
of the magnetization, Msat = gµBS, extrapolated to the
in�nite magnetic �eld for {CuMo2} is 1.1 µB/f.u. which
agrees with SCu = 1/2 and g ≈ 2.2. As for {CoMo3},
where Co is high spin with SCo = 3/2 and L = 2, the
case is more complicated due to spin-orbit coupling and
needs further analysis.

4. Conclusions

Magnetic measurements of two metal molybdates re-
vealed the deviations from the paramagnetic Curie law.
In the case of {CuMo2} the χ · T curve indicates the in-
tramolecular antiferromagnetic interaction in the dimer
of copper ions. The χ·T signal of the {CoMo3} compound
evidences a structure of quantum substates, spanning a
broad temperature interval due to crystal-�eld and spin-
orbit coupling.
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