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First crystalline palladium(II) carboxylate complex with
divalent 3d metal, PdCo(µµµµµ�OOCMe)4(NCMe):
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The first heterometallic palladium(II) acetate complex with divalent 3d metal,
PdCo(µ�OOCMe)4(NCMe)•3 MeCN, was synthesized and structurally characterized.
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Coordination compounds of palladium(II) with tran�
sition metals are both of theoretical and practical interest,
in particular, as the starting compounds for the prepara�
tion of bimetallic nanoalloys1 and catalysts.2 Published
data on these complexes are scarce. Most of known com�
pounds contain halide, hydroxy, and/or organic N� and
P�donor ligands. These liagnds substantially complicate
the preparation of polymetallic nanomaterials. Hetero�
metallic palladium(II)—transition metal complexes with
readily removable carboxylate ligands (acetate, pivalate,
etc.) could be very convenient for this purpose as the
starting compounds.

The Cambridge Structural Database contains crys�
tal structure information on two palladium(II) acetate
complexes with post�transition metals only, viz.,
Pd2Cd2(µ�OOCMe)8(HOOCMe)2 3 and PdTl(µ�
OOCMe)4(OCOMe),4 whereas data on complexes
with transition metals are lacking. Earlier, the synthesis
of the complexes of composition PdCo(OOCMe)4•

•2HOOCMe•2H2O, PdNi(OOCMe)4•HOOCMe•H2O,
PdCu(OOCMe)4, and PdCd(OOCMe)4•H2O•

•HOOCMe has been briefly described.5 However, nei�
ther strong evidence for the chemical nature of these com�
pounds nor X�ray diffraction data have been reported.

We synthesized and structurally characterized the first
palladium(II) carboxylate complex with 3d transition
metal in oxidation state +2. The complex PdCo(µ�
OOCMe)4(NCMe)•3MeCN (1) was characterized by

X�ray diffraction, elemental analysis, electronic spectro�
scopy, and IR spectroscopy.

Results and Discussion

After the addition of cobalt(II) acetate
Co(OOCMe)2•4H2O to a solution of palladium(II) ac�
etate Pd3(µ�OOCMe)6 in acetic acid heated to 70 °C, the
color of the solution gradually changed from red to yel�
low�orange and cobalt(II) acetate (which is poorly soluble
in acetic acid) dissolved. Attempts to isolate the result�
ing compound in the crystalline state failed. Crystals suit�
able for X�ray diffraction were grown by crystalliza�
tion from acetonitrile, and the heterometallic complex
PdCo(µ�OOCMe)4(NCMe)•3MeCN (1) was isolated.

Single�crystal X�ray diffraction study of complex 1
demonstrated that the molecule of 1 has a lantern�type
structure (Fig. 1).

The Pd and Co atoms are linked by four bridging
acetate groups. The Pd—Co distance (2.515(3) Å) is sub�
stantially smaller than the sum of the van der Waals radii
of the palladium and cobalt atoms and is only slightly
larger than the sum of the covalent radii of these atoms
(Pd—Co, 2.44 Å) (Table 1).

One of three solvent MeCN molecules is located much
closer to the molecule of the complex than two other
MeCN molecules, and there is a short contact between
the palladium atom and the nitrogen atom of this MeCN
molecule (Pd(1)—N(1), 2.509 Å). As a consequence, the
Pd and Co atoms are disordered over two positions with

* Dedicated to Academician N. S. Zefirov on the occasion of his
70th birthday.
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virtually equal occupancies. The distance between two
positions in the structure of 1 is ~0.4 Å (alternative posi�
tions are shown in Fig. 1 by dashed lines).

The relatively short Pd—Co distance (see above) could
be indicative of the presence of the metal—metal bond,
although an electronic interaction between the PdII (d8)
and CoII (d7) atoms is unlikely to occur.

The effective magnetic moment of complex 1 weakly
depends on the temperature (4.846 µB at 300 K, 3.710 µB
at 2 K, S = 3/2) and is almost equal to the magnetic
moment of the mononuclear complex Co(H2O)6

2+ (4.9 µB
at 300 K).

Solutions of complex 1 in acetic acid are stable at
room temperature for an indefinitely long time and at
70 °C for at least 3 h. In the visible and UV regions, the

Fig. 1. Molecular structure of the complex PdCo(µ�OOCMe)4(NCMe)•3 MeCN (1) with displacement ellipsoids drawn at the 50%
probability level. The Pd and Co atoms are disordered over two positions with equal occupancies (two of three MeCN molecules of
crystallization are omitted).
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Table 1. Selected geometric characteristics of heterometallic complex 1

Bond d/Å Bond d/Å Angle ω/deg Angle ω/deg

Pd(1)—Co(2) 2.515(3) Pd(2)—Co(1) 2.551(3) O(1)—Pd(1)—O(3) 90.69(9) O(2)—Pd(2)—O(4) 90.67(9)
Pd(1)—O(1) 2.025(3) Pd(2)—O(2) 2.013(3) O(1A)a—Pd(1)—O(1) 89.78(15) O(2A)a—Pd(2)—O(2) 89.58(16)
Pd(1)—O(3) 2.041(3) Pd(2)—O(4) 2.037(3) O(3)—Pd(1)—O(3A)a 88.74(14) O(4)—Pd(2)—O(4A)a 88.72(16)
Co(2)—O(2) 2.070(4) Co(1)—O(1) 2.091(4) O(1)—Pd(1)—Co(2) 91.18(11) O(2)—Pd(2)—Co(1) 93.56(11)
Co(2)—O(4) 2.027(4) Co(1)—O(3) 2.050(4) O(3)—Pd(1)—Co(2) 91.27(12) O(4)—Pd(2)—Co(1) 90.97(11)
Co(2)—N(2) 2.279(6) Co(1)—N(1) 2.073(5) N(2)—Co(2)—Pd(1) 176.7(3) N(1)—Co(1)—Pd(2) 177.1(3)
Pd(1)...N(1) 2.509(5) Pd(2)...N(2) 2.678(6)

a The symmetry code for equivalent atoms: x – y + 3/2z.

spectrum differs substantially from both the spectra of the
starting palladium and cobalt complexes (Fig. 2) and the
sum of these spectra.

The formation of the heterometallic complex is ac�
companied by a substantial hypsochromic shift of the
d—d band of palladium from 400 to 335 nm and an in�
crease in its intensity, whereas the position and intensity
of the charge�transfer band are changed only slightly
(Table 2).

The formation of the heterometallic complex occurs,
apparently, through the nucleophilic attack of the ter�
minal carboxylate groups of the mononuclear com�
plex Co(OOCMe)2•4H2O on the palladium(II) atoms
of the trinuclear complex Pd3(OOCMe)6, resulting
in the cleavage of the carboxylate bridges and open�
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ing of the cyclic structure of the starting palladium
complex.

Earlier,6 analogous reactions have been observed for
Pd3(OOCMe)6 with acetates of monovalent cations, viz.,
alkali metals, NR4

+, and [(Ph3P)2N]+. These reactions
rapidly proceed (during a few minutes) in acetic acid
solutions at room temperature. The coordination vacan�
cies that appear are occupied by the attacking carboxylate
groups.

2 Pd3(OOCMe)6 + 6 M+MeCOO–  
  3 M2

+[Pd2(OOCMe)6]2–

M2[Pd2(OOCMe)6]2– + 2 M+MeCOO–  
  2 M2

+[Pd(OOCMe)4]2–

M+ = Na+, K+, NR4
+, [(Ph3P)2N]+

Mono� and dinuclear palladium(II) complexes were
found6 in solutions of acetates of monovalent cations as
tight ion pairs with the corresponding cations. An analo�
gous reaction with the cobalt(II) complex proceeds sub�
stantially more slowly (refluxing in acetic acid for 1.5 h)
and affords the covalently bound heterometallic complex
as the final product, which was isolated as the crystal
solvate PdCo(µ�OOCMe)4(NCMe)•3MeCN.

Experimental

Elemental microanalysis was carried out on an automated
Carlo Erba Strumentazione C,H,N�analyzer. The magnetic sus�
ceptibility was measured on a SQUID Quantum Design magne�
tometer in the temperature range 2—300 K. The UV�Vis spectra
of solutions of the complexes were recorded on a Varian Cary 100
spectrophotometer. The IR spectra were measured on a Nicolet
Nexus spectrophotometer (KBr pellets).

The solvents (glacial acetic acid, acetonitrile, and benzene)
of reagent grade (Reakhim) were dried and purified according to
standard procedures.7 Palladium(II) acetate Pd3(OOCMe)6 was
synthesized by oxidation of Pd black (prepared by reduction of
PdCl2 (reagent grade, the Voikov Plant, Russia) with sodium
borohydride) with concentrated HNO3 in glacial acetic acid
according to a known procedure,8 purified from impurities of
nitrite complexes by refluxing in glacial acetic acid containing a
new portion of Pd black over a long period of time until elimina�
tion of NO2 ceased, and then recrystallized from acetic acid.
Cobalt(II) acetate Co(OOCMe)2•4H2O of reagent grade (Acros,
Belgium) was used without additional purification.

Complex PdCo(µµµµµ�OOCMe)4(NCMe)•3MeCN (1). Palla�
dium(II) acetate Pd3(OOCMe)6 (448 mg, 2 mmol based on Pd)
and cobalt(II) acetate Co(OOCMe)2•4H2O (498 mg, 2 mmol)
were suspended in acetic acid (20 mL) and refluxed with stirring
until the precipitate was completely dissolved (~1.5 h). The
solvent was evaporated to dryness on a rotary evaporator. The
dry residue was dissolved in benzene (15 mL) and the solution
was concentrated to dryness. The latter operation was re�
peated three times until the acetic acid was completely re�
moved. The resulting pink�beige powder was dissolved in aceto�
nitrile (20 mL), concentrated to 5 mL, and kept at ~20 °C for
one day. The cherry�colored crystals of complex 1 that precipi�
tated (320 mg) were separated by decantation and studied by
X�ray diffraction. The complex rapidly loses a large portion
of MeCN molecules of crystallization during storage in air.
Found (%): C, 27.34; N, 3.23; H, 3.49. C10H15O8NPdCo
(MeCN molecules of crystallization are not taken into account).

Table 2. Characteristics of the electronic absorption spectra of the starting complexes and complex 1
(AcOH as the solvent, C = 1.5•10–3 mol L–1, 25 °C)

Complex d—d Transition Charge�transfer transition

λ/nm ε/L mol–1 cm–1 λ/nm ε/L mol–1 cm–1

Pd3(OOCMe)6 400 240 255 1800
Co(OOCMe)2•4H2O 258 35 ~200 —
PdСо(OOCMe)4(NCMe) (1) 335 1600 260 2000

Fig. 2. Absorption spectra of solutions of the starting complexes
Co(OOCMe)2•4H2O (C = 1.5•10–3 mol L–1) (1);
Pd3(OOCMe)6 (C = 1.5•10–3 mol L–1) (2); and PdCo(µ�
OOCMe)4(NCMe)•3MeCN (C = 3•10–3 mol L–1) (3) in AcOH
at 25 °C.
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Calculated (%): C, 27.14, N, 3.16; H, 3.42. IR, ν/cm–1: 2945,
2882, 2822, 1610 s (νas(CO)), 1409 (νs(CO)), 1385, 1345, 1051,
1029, 698, 624.

X�ray diffraction study of complex 1. X�ray diffraction study
was carried out at the Center of X�ray Diffraction Studies (A. N.
Nesmeyanov Institute of Organoelement Compounds of the
Russian Academy of Sciences) on a Bruker AXS SMART 1000
diffractometer equipped with a CCD detector (Mo�Kα radia�
tion, graphite monochromator, ω scanning technique with a
scan step of 0.3°, frames were exposed for 10 s, 2θmax = 60°)
according to standard procedures.9 For single crystals of com�
plex 1: C16H24CoN4O8Pd, M = 565.72, orthorhombic system,
space group Pnma, a = 13.602(2) Å, b = 16.786(3) Å, c =
10.3033(17) Å, V = 2352.4(7) Å3 (200 K), Z = 8 (Z´ = 4),
18044 measured reflections, of which 3451 reflections were with
F 2 > 2σ(I ), ρcalc = 1.597 g cm–3, µ = 1.515 cm–1, R1 = 0.0535,
wR2 = 0.1336.

Semiempirical absorption corrections were applied using the
SADABS program.10 The structure was solved by direct methods
and refined by the full�matrix least�squares method against F 2

with anisotropic displacements parameters for all nonhydrogen
atoms. Fourier analysis of the electron density distribution
showed that the Pd and Co atoms in molecule 1 are disordered
over two positions with equal occupancies. The distance be�
tween two positions in the structure of 1 is ~0.4 Å. All calcu�
lations were carried out with the use of the SAINT 9 and
SHELXTL�97 11 program packages.

This study was financially supported by the Russian
Foundation for Basic Research (Project Nos. 04�03�
32877, 05�03�32683, and 05�03�32983), the Council on
Grants of the President of the Russian Federation (Pro�
gram for State Support of Leading Scientific Schools of
the Russian Federation, Grant NSh�1764.2003.03), and
the Presidium of the Russian Academy of Sciences (Pro�
gram "Directed Synthesis of Inorganic Compounds and
Design of Functional Materials").
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