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Abstract:
Five new molybdato (four) and hydrogenomolybdato
(one) adducts and complexes have been synthesized and studied by infrared
spectroscopy. The suggested structures are all discrete, the molybdate anion
behaving as a trichelating, a monochelating, a bridging, a tetrachelating and
a bichelating ligand. The environment around Zn, Co, Cd is tetrahedral or
trigonal bipyramidal also for Zn - while being octahedral for Sb. The Cd
pentanuclear adduct has a two metallic components structure, a tetranuclear
anionic one with a tetrachelating molybdate, the second being a neutral
dehydrated adduct component. The suggested structure for the
hydrogenomolybdato adduct is discrete, the hydrogenomolybdate being
present as a hydrogen bonded dimer behaves as a bridging bidentate ligand.
The water molecules can be considered as a coordinating ligand or lattice.
When secondary interactions through hydrogen bonds involving the water
molecules are considered supramolecular architectures are obtained.
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INTRODUCTION
Hathaway has summarized the main results on the coordinating behavior of tetrahedral
anions [1] but those concerning the molybdate and the hydrogenomolybdate anions
were very scarce compared to those of the sulphate and oxalate anions. Our group
which is interested in the coordinating ability of tetrahedral oxyanions since decades has
published several papers dealing with the molybdate and hydrogenomolybdate anions
[2-4]. We initiate here the study of the interactions between (Me4N)2MoO4⋅H2O,
Me4NHMoO4⋅2H2O or (Cy2NH2)2MoO4⋅H2O with CoCl2, ZnCl2, CdCl2 or SbCl5 which
has yielded five new molybdato and hydrogenomolybdato adducts and complexes. The
infrared studies of the compounds have been carried out and structures suggested on the
basis of these spectroscopic data.

EXPERIMENTAL
(Me4N)2MoO4⋅H2O, Me4NHMoO4⋅2H2O and (Cy2NH2)2MoO4⋅H2O have been obtained
as described in [2, 3]. All the studied adducts have been obtained as precipitates (stirred
around two hours) on mixing both ethanolic solutions of the molybdate salt (Me4N)2MoO4 H2O Me4NHMoO4⋅2H2O or (Cy2NH2)2MoO4⋅H2O - with the halide in
specific ratios. The analytical data % calculated (% found) with the ratios salt/MCl2 (M
= Co, Zn, Cd) or SbCl5 reported below (Table 1) have allowed to suggest the following
formulae.
Table 1. Analytical data of synthesized compounds
Compounds Salt
A1
L1
A2
L2
A3
L2
A4
L3
A5
L1

Ratio (Salt/MXn)
3/1
2/1
1/1
1/1
4/1

% cal. (% found)
C =13.05 (13.09); H = 3.82 (3.85); N = 3.79 (3.82)
C = 10.68 (10.63); H = 3.10 (3.19); N = 1.92 (1.89)
C = 8.47 (8.28); H = 3.00 (2.94); N = 2.47 (2.74)
C = 28.80 (28.09); H = 5.04 (5.25); N = 2.80 (3.03)
C = 2.04 (2.14); H = 0.77 (0.90); N = 0.60 (0.64)

A1:(Me4N)2MoO4⋅3CoCl2⋅2H2O
A2:(Me4N)2MoO4⋅ZnCl2⋅H2O
A3: (Me4N)HMoO4⋅SbCl5⋅2H2O
A4: (Cy2NH2)2MoO4⋅5CdCl2⋅2H2O
A5: Me4N(MoO4)3(Cd2Cl5)5⋅3H2O
L1: (Me4N)2MoO4⋅H2O
L2: (Me4N)HMoO4⋅2H2O
L3: (Cy2NH2)2MoO4⋅2H2O
The compounds A2, A4 and A5 are white, A3 green and A1 blue.
The elemental analyses were performed at the laboratory of Microanalyses at the
University of Bath (UK).
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The infrared spectra were recorded by a Bruker FTIR spectrometer at the College of
Saint Boniface-Winnipeg (Canada), the sample being as KBr pellets. The IR data are
given in cm-1 [abbreviations: (vs) very strong, (s) strong, (m) medium, (sh) shoulder].
All the chemicals were purchased from Aldrich Chemical Company and were used
without any further purification.

RESULTS AND DISCUSSION
Let us consider the IR data of the studied adducts and complexes.
Table 2. IR main data of the compounds A1-.A5
Compounds
A1
A2
A3
A4
A5

906 m
900 m
911 s
-------------

Assignments
782 s; 694 vs
877 m; 820 sh; 693 vs
843 m; 715 m
820 sh ; 830 sh; 730 vs
860 sh; 740 vs; 720 s; 690 s; 668 s

A1:(Me4N)2MoO4.3CoCl2.2H2O
From these data, we suggest a discrete structure with a trichelating molybdate for A1
(Figure 1).

Figure 1. Proposed structure for A1
A2:(Me4N)2MoO4.ZnCl2.H2O
According to the fact that the water molecules are considered as coordinating ligand or
lattice, being involved in hydrogen bonding or lattice, the three structures can be
suggested for A2:
- a monomeric structure where water molecules are considered as lattice (Figure 2a);
- a dimeric structure with coordinating water molecules (Figure 2b);
- a dimeric structure with bridging water molecules (Figure 2c).
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a

b
Figure 2. Proposed structures for A2

c

A3: (Me4N)HMoO4⋅SbCl5⋅2H2O
While considering the water molecules coordinated or lattice, two dimeric structures are
possible for A3:
- a structure with an acetic acid hydrogen bonded type linking the hydrogenomolybdate
anions in a dimer, the anion being a monocoordinating ligand, the water molecules being
lattice (Figure 3a);
- a second structure with an acetic acid hydrogen bonded type linking the
hydrogenomolybdate anions linked through OH-----O hydrogen bonds to two
H2O⋅SbCl5 adducts (Figure 3b).

a

b
Figure 3. Proposed structures for A3

A4: (Cy2NH2)2MoO4.5CdCl2.2H2O
A discrete two metallic components structure with a tetrachelating molybdate in the
tetranuclear metallic component, the second metallic component being CdCl2⋅2H2O can
be suggested for A4 (Figure 4). The tetranuclear component dimerizes with the
involvement of the cations through hydrogen bonds leading to the cage structure. When
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OH…..Cl intermolecular hydrogen bonds are considered a supramolecular architecture
is obtained.

Figure 4. Proposed structure for A4
A5: Me4N(MoO4)3(Cd2Cl5)5.3H2O
A three metallic anionic components structure with two similar ones containing a
bichelating molybdate and one containing a monochelating molybdate, with these three
anionic components interacting electrostatically with the tetramethylammonium ions is
proposed for A5 (Figure 5).

Figure 5. Proposed structure for A5
In this complex, the formation of [Cd2Cl5]- binuclear complex in situ is worthy.
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Me4N+ is involved in electrostatic interactions with the anionic components in A1, A2,
A3 and A5.
CONCLUSION
The studied adducts and complexes have discrete structures (monomers, dimers, a two
metallic or a three components one) with a mono-, di-, tri-, tetrachelating molybdate and
a monocoordinating hydrogenomolybdate. In the case of the compound containing
dicyclohexylammonium cations, when cations are involved through H bonding,
dimerization of the tetrametallic component occurs leading to a hydrogen bonded cage
structure. When OH…..Cl intermolecular hydrogen bonds are considered a
supramolecular architecture is obtained.
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