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Compound [Cd(O2CMe)(O2CPh)(H2O)2]n (1) was initially obtained in a serendipitous way dur-
ing efforts to prepare a CdII/PhCO2

−/bepy complex (bepy = 2-benzoylpyridine). With the identity
of 1 established by single-crystal X-ray crystallography, a rational preparative route to this complex
was designed and carried out by reacting Cd(O2CMe)2·2H2O with a slight excess of PhCOOH in
MeCN under reflux. The crystal structure of 1 consists of isolated zig-zag chains. The CdII atom is
coordinated to five carboxylate and two aqua oxygen atoms creating a distorted, capped trigonal pris-
matic coordination polyhedron. The acetate group exhibits the η1:η2:µ2 coordination mode, while
the benzoate ligand is chelating. There is an extensive hydrogen-bonding network which reinforces
the chains and also links them generating sheets. The new complex was characterized by IR, far-IR,
Raman, CP MAS and solution 113Cd NMR spectroscopy. The spectroscopic data are discussed in
terms of the nature of bonding and the known structure. An anhydrous compound with the empirical
formula Cd(O2CMe)(O2CPh) was isolated during the thermal decomposition of 1; the vibrational
study of this thermally stable intermediate supports an 1D polymeric structure with 6-coordinate CdII

ions.

Key words: Cadmium Carboxylate Complexes, 113Cd NMR Spectroscopy, Mixed Acetate-benzoate
Complexes, Thermogravimetry, Vibrational Spectroscopy

Introduction

Simple carboxylate anions are ubiquitous and ver-
satile ligands in coordination chemistry [1 – 4]. Nu-
merous complexes with a variety of metals have been
synthesized, many of which have played key roles
in the conceptual development of modern inorganic
chemistry. Perhaps most striking in terms of their im-
pact are the so called dinuclear “paddlewheel”, the tri-
nuclear “basic” carboxylate and the tetranuclear “but-
terfly” complexes (Fig. 1). Extensive physicochemical
and structural studies of these compounds have been
crucial for increasing our understanding of bonding
and magnetic interactions between proximate metal
centres, topics with implications ranging from indus-
trial catalysis to metalloprotein structure and func-
tion. The versatility of the RCO2

− ligand is reflected
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by the variety of metal binding modes it can adopt.
Up to three transition metal ions have been shown to
bind to a single carboxylate ligand [1]; however, more
common is the coordination of one or two metal ions
in structurally distinct ways to one or more of the
four available electron lone pairs of the carboxylate
anion.

In contrast to the great number of studies con-
cerning 3dn, 4dn, 5dn (n = 1 − 9) and 4f metal car-
boxylate chemistry, relatively little is known about the
group 10 metal carboxylate complexes; this is espe-
cially true for cadmium and mercury. One reason for
this is the existence of only a limited number of CdII

and Hg carboxylate starting materials; in CdII chem-
istry, for example, only cadmium(II) acetate dihydrate,
Cd(O2CMe)2 · 2H2O, is readily available in the mar-
ket. Restricting further discussion to Cd, it is known [5]
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Fig. 1. Paddlewheel (left), trinuclear basic carboxylate (mid-
dle) and tetranuclear “butterfly” carboxylate (right) com-
plexes. Curved lines represent bridging carboxylate groups.
The paddlewheel structural type is associated with a variety
of metal-metal interactions ranging from no interactions,
weak spin-pairing, various orders of metal-metal bonding,
to the “super-short” metal-metal bonds. The L groups are
often monodentate ligands but they may represent inter-
cluster association into polymeric structures or (only in the
case of the “butterfly” complexes) one donor atom of a
bidentate chelating ligand.

that the maximum deviation of the CdII atom from the
carboxylate plane can reach up to 1.5 Å, whereas most
3d metal ions (MnII, MnIII, FeII, FeIII, CoII, CoIII, NiII,
CuI, CuII) and ZnII tend to lie in the carboxylate plane.
This means that the CdII ion is much more accom-
modating to the arrangement of the carboxylate an-
ions, a fact which in combination with the stereochem-
ical adaptability of this d10 metal ion favours struc-
tural variations [5 – 7]. It should be noted at this point
that there has been an increasing interest in the coor-
dination chemistry of cadmium(II) due to the recogni-
tion of its role in biological systems [8 – 11], as well
as in molecule-based materials [12 – 17]. In search
for molecule-based materials with interesting physi-
cal properties, much attention has been given to one-
(1D), two-(2D) and three-dimensional (3D) coordina-
tion polymers of cadmium(II).

In the last several years, we have developed a strong
interest in 3d metal carboxylate chemistry, as it has be-
come apparent that this area represents a rich source
of high-nuclearity (polynuclear) and polymeric prod-
ucts with interesting structural, spectroscopic and mag-
netic properties [18 – 30]. We have recently extended
our interests to CdII, believing that CdII carboxylate
chemistry would encompass a range of novel struc-
tural types and products with unusual physical prop-
erties. This paper describes the preparation and char-
acterization of an interesting 1D coordination poly-
mer of cadmium(II) possessing both acetate and ben-
zoate ligands; this compound can be considered as a

useful starting material for further CdII carboxylate
chemistry.

Results and Discussion

Synthetic comments

We initially came across complex [Cd(O2CMe)-
(O2CPh)(H2O)2]n (1) during our efforts to prepare
a CdII/PhCO2

−/bepy complex (bepy = 2-benzoylpyr-
idine). The 1:1 reaction between bepy and a starting
material believed to be “Cd(O2CPh)2 ·xH2O” in MeCN
under reflux gave a homogeneous solution; slow evap-
oration of this solution at room temperature gave a
mixture of well-formed, prism-shaped colourless crys-
tals and pale yellow plates. Their not-too-dissimilar
solubility prevented chemical separation. The differ-
ence in colour and the rather large size of the pris-
matic crystals allowed manual separation of the two
materials. The prismatic crystals proved to be com-
plex 1 by single-crystal X-ray crystallography. Unfor-
tunately, we were not able to obtain crystals of appro-
priate quality for the X-ray study required for the elu-
cidation of the structure of the pale yellow product; an-
alytical data and IR spectroscopy indicated the formu-
lation [Cd3(O2CPh)6(bepy)2] (2). The IR spectra of 1
and “Cd(O2CPh)2 ·xH2O” are identical, indicating that
1 was, in fact, unreacted starting material in the reac-
tion that leads to product 2. The “Cd(O2CPh)2 ·xH2O”
starting material had been isolated from the reaction
between Cd(O2CMe)2 · 2H2O and two equivalents of
benzoic acid, PhCOOH, in MeCN.

With the identity of 1 established, a rational prepara-
tive procedure was devised by reacting Cd(O2CMe)2 ·
2H2O (3) with one equivalent of PhCOOH in MeCN
under reflux as summarized in eq. (1):

[Cd(O2CMe)2(H2O)n + nPhCOOH
MeCN−−−→

T
3

[Cd(O2CMe)(O2CPh)(H2O)2]n + nMeCOOH (1)
1

Such a reactivity pattern is consistent with the known
acidities of the RCOOH molecules as reflected in their
pka values (4.75 for MeCOOH, 4.19 for PhCOOH) and
the probable mechanism [31] involves protonation of a
bound acetate by the more acidic PhCOOH, followed
by its displacement by generated PhCO2

−. Such ligand
substitution reactions have been widely used in metal
carboxylate chemistry [31 – 33]. A slight excess of Ph-
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Fig. 2. A partially labelled, small section
of the polymeric chain of complex 1. The
dashed line indicates the weak Cd-O(3)
[1/2− x, 1/2 + y, −z] bond.

Fig. 3. The monocapped trigonal stereochemistry about the
CdII atom in complex 1.

COOH seems beneficial to the preparation increasing
the yield of the reaction.

Description of structure

A drawing of the molecular structure of complex 1
is shown in Fig. 2; the coordination polyhedron of the
CdII ion is depicted in Fig. 3. Selected bond distances
and angles are given in Table 1.

The compound contains zig-zag chains of repeating
{Cd(O2CMe)(O2CPh)(H2O)2} units. The polymeric
chains extend along the b axis. In each chain the Cd II

atoms are bridged by η 1:η2:µ2 acetate groups. Seven-
coordination at each metal is completed by one chelat-

Table 1. Selected bond lengths (Å) and angles (◦) relevant
to the cadmium coordination sphere for complex 1.a

Cd-O(1) 2.494(3) Cd-O(2) 2.298(3)
Cd-O(3) 2.307(4) Cd-O(3)#1 2.728(5)
Cd-O(4)#1 2.279(4) Cd-OW(1) 2.284(4)
Cd-OW(2) 2.270(4)

O(1)-Cd-O(2) 54.3(1) O(1)-Cd-O(3) 81.8(1)
O(1)-Cd-O(3)#1 109.7(1) O(1)-Cd-O(4)#1 98.8(1)
O(1)-Cd-OW(1) 94.8(1) O(1)-Cd-OW(2) 162.4(1)
O(2)-Cd-O(3) 86.4(1) O(2)-Cd-O(3)#1 76.6(1)
O(2)-Cd-O(4)#1 109.0(1) O(2)-Cd-OW(1) 147.9(1)
O(2)-Cd-OW(2) 110.8(2) O(3)-Cd-O(3)#1 146.3(2)
O(3)-Cd-O(4)#1 161.7(1) O(3)-Cd-OW(1) 80.0(1)
O(3)-Cd-OW(2) 88.2(2) O(3)#1-Cd-O(4)#1 50.6(1)
O(3)#1-Cd-OW(1) 128.2(1) O(3)#1-Cd-OW(2) 71.6(2)
O(4)#1-Cd-OW(1) 81.8(1) O(4)#1-Cd-OW(2) 95.2(2)
OW(1)-Cd-OW(2) 97.8(2)
a Symmetry transformation used to generate equivalent atoms:
#1 1/2− x, 1/2 + y, −z.

ing benzoate ligand and two terminal aqua ligands.
The Cd-Oaqua bond lengths [2.270(4), 2.284(4) Å] are
similar and agree well with values found for other 7-
coordinate cadmium(II) complexes [34, 35]; for exam-
ple, the Cd-Oaqua bond length in the 7-coordinate poly-
mer [Cd(mal)(H2O)]n, where mal2− is malonate(-2),
is 2.272(7) Å [34]. The Cd-Ocarboxylate bond dis-
tances are in the wide range 2.279(4)-2.728(5) Å.
The Cd-Obenzoate distances are asymmetric [2.298(3),
2.494(3) Å]. There are three distinct Cd-Oacetate bond
distances due to the η 1:η2:µ2 coordination mode of
the acetate ligand. The bridging Cd-Oacetate distances
are also asymmetric [2.307(4), 2.728(5) Å]. The Cd-
O bond distance for the bridging acetate oxygen atom
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Table 2. Dimensions of the established and possible hydro-
gen bonds (distances in Å and angle in ◦) for complex 1.
H bond D. . .A H. . .A D-H. . .A Operator of A
OW(2)-H(OW2)-O(4)a 2.690 1.921 165.8 1− x, −y, −z
OW(1). . .O(1)a 2.800 c c −x, −y, −z
OW(1). . .O(2)b 2.794 c c 1/2− x, −1/2 + y, −z
OW(2). . .O(1)b 2.920 c c 1/2− x, 1/2 + y, −z
a Interchain hydrogen bonds; b intrachain hydrogen bonds; c hydro-

gen atoms were not located in the difference map; A = acceptor,

D = donor.

Fig. 4. Hydrogen bonding and packing viewed down the b
axis for complex 1.

is longer than the distance exhibited by the terminal
oxygen atom to the same CdII atom [2.728(5) versus
2.279(4) Å]. The increase in bond length upon bridg-
ing relative to terminal ligation has been observed pre-
viously [5] in many complexes containing carboxy-
late ligands with one bridging oxygen atom. Based on
theoretical and experimental studies which have indi-
cated that the syn lone pairs of the carboxylate group
are more basic than the anti lone pairs [1, 36, 37], one
might expect the Cd-O(3)#1 distance to be shorter than
the Cd-O(3) distance; however, the reverse relation
holds for 1 (see Table 1). This result, which is in ac-
cordance with results obtained for many cadmium car-
boxylate complexes [5], suggests that the Cd-O bond
lengths involving η 1:η2:µ2 RCO2

− ligands are mainly
influenced by geometrical factors rather than the elec-
tronic properties of the carboxylate group. The intra-
chain Cd...Cd distance is 4.639(1) Å.

Since even the more symmetrical of the possible 7-
coordinate geometries [38, 39] differ only slightly from
one another and conformational interconversions re-
quire relatively slight angular changes, the geometry
observed for any actual structure may be largely a re-
flection of constraints placed on the complex by ligand

steric requirements and packing considerations. In the
present instance the coordination polyhedron of oxy-
gen atoms about the central metal ion is best described
as a distorted capped trigonal prism, the capping atom
being O(3).

The compound is extensively hydrogen bonded.
Fig. 4 shows the hydrogen bonding (broken lines) and
packing arrangement viewed down the b axis, while
metric parameters for the hydrogen bonds are listed
in Table 2. Both water oxygen atoms are involved as
donors, while both benzoate and the terminally ligated
acetate oxygen atoms [O(4)] act as acceptors. There
are both intra- and interchain hydrogen bonds; the lat-
ter generate 2D sheets parallel to ab.

The structure of complex 1, as detailed in the above
discussion and in Table 1, shows a remarkable simi-
larity with that of cadmium diacetate dihydrate [35],
whose correct formulation is [Cd(O2CMe)2(H2O)2]n

(3). The latter is a 7-coordinate, 1D polymer containing
one η1:η2:µ2 acetate, one chelating acetate and two
aqua ligands per CdII. Thus, complex 1 can be consid-
ered as derived from 3 after substitution of one chelat-
ing acetate by one chelating benzoate, see also eq. (1).

Spectroscopic characterization

The IR and Raman spectra of complex 1 are shown
in Figs. 5a and 6, respectively. Vibrational assignments
for some diagnostic bands are discussed below. As-
signments have been given in comparison with the data
obtained for NaO2CMe and NaO2CPh (assumed to
contain a ‘free’ carboxylate group), by taking into ac-
count the structure of the complex and by studying lit-
erature reports for cadmium(II) carboxylate complexes
[6, 17, 40, 41].

The IR spectrum of 1 exhibits a broad band of
medium intensity at ∼ 3440 cm−1, assignable [41, 42]
to ν(OH)coord. water. The broadness and relatively
low frequency of this band are both indicative of hy-
drogen bonding. This band is absent from the IR spec-
trum of the dehydrated complex (Fig. 5b), as expected.

Three bands and three shoulders appear in the
1620 – 1350 cm−1 range; the corresponding Raman re-
gion contains six to seven bands. Contributions from
RCO2

− (R= Me, Ph) νas(CO2) and νs(CO2) vibrations
would be expected in this region, but overlap with the
stretching vibrations of the aromatic ring and δ (CH3)
renders detailed assignments difficult. Owing to the
presence of two different types of carboxylate groups
in 1, two νas(CO2) and two νs(CO2) bands might be ex-
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Fig. 5. The IR spectrum of complex 1 (a) and its dehydrated form (b).

Fig. 6. The Raman spectrum of complex 1 in the 3300 –
300 cm−1 region.

pected. It seems that the IR frequencies of the νas(CO2)
and νs(CO2) bands of the two different carboxylate lig-
ands coincide at 1557 and 1404 cm−1, respectively;
the broadness of these bands supports the view of an
overlapping character of each band. The difference
∆ [∆ = νas(CO2)−νs(CO2)] is 154 cm−1, less than the

corresponding values for NaO2CPh (184 cm−1) and
NaO2CMe (164 cm−1), as expected from the bidentate
coordination modes of both carboxylate groups [43].
In the Raman spectrum, two νs(CO2) lines are clearly
observed at 1411 and 1437 cm−1 [43, 44], whereas the
νas(CO2) vibrations appear weak (as expected [43])
and are probably masked under the aromatic stretch at
1610 cm−1.

The bands at 286, 277, 255, 244, 222 and 201 cm −1

in the far-IR spectrum of 1 are tentatively assigned [41]
to ν(Cd-O) modes; the bands at 222 and 201 cm−1

should contain a ν(Cd-Owater) character since their in-
tensities are significantly decreased after dehydration.

The CP MAS 113Cd NMR spectroscopic study was
carried out on finely ground crystals of 1. The spec-
trum shows a single resonance at δ −41 corresponding
to a single type of CdII atom. 113Cd NMR is a very use-
ful tool for the study of cadmium(II) complexes due to
the sensitivity of the 113Cd chemical shift to the na-
ture of donor atoms, their coordination geometry and
bond lengths [46]. The coordination number of Cd II

in complexes with exclusively oxygen ligation is nor-
mally six, seven or eight, while the isotropic chemical
shifts span the range δ 140 to −115 [46]. From sys-
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Fig. 7. Thermogravimet-
ric (up) and differential
thermogravimetric data
(down) for complex 1.

tematic studies, a pattern has emerged [46, 47] show-
ing that 6-coordinate CdII has a chemical shift rang-
ing from δ 140 to −70, 7-coordinate Cd II spans the
range δ 0 to −70, and 8-coordinate CdII a range δ 0 to
−115. Few spectroscopic studies on 7-coordinate cad-
mium compounds with CdII atoms coordinated only to
carboxylate oxygens and aqua ligands have been re-
ported. These include [Cd(O2CMe)2(H2O)2]n (δ −58)
[48], [Cd(suc)(H2O)2]n (δ −52) [49], where suc2−
is succinate(-2), [Cd2(salH)4(H2O)4] (δ −31) [49],
where salH− is salicylate(-1), [Cd(mal)(H2O)]n

.nH2O
(δ −47) [50] and [Cd(mal)(H2O)3]n

.nH2O (δ −53)
[50], where mal2− is malonate(-2). The chemical shift
(δ −41) of the 7-coordinate CdII of 1 lies within the
range δ −31 to −58 reported for other 7-coordinate
CdII atoms with exclusively carboxylate and aqua lig-
ation.

The 113Cd NMR spectrum of 1 in D2O solution
shows a single resonance at δ 46, also correspond-
ing to a single type of CdII atom. Based on the above
mentioned data, this chemical shift is assigned to
a 6-coordinate CdII atom, indicating that the solid-
state structure does not persist in solution. It is well-
established that the decrease of coordination number
leads to more deshielded δ values [49, 50].

Thermal decomposition

The thermal decomposition of complex 1 was stud-
ied using thermogravimetric (TG), differential thermo-
gravimetric (DTG) and differential thermal analysis

(DTA) techniques under nitrogen. TG and DTG data
are shown in Fig. 7.

Complex 1 decomposes via an anhydrous stable
intermediate. The data show an initial, enothermic
weight loss between 90 and 115 ◦C, which corre-
sponds exactly to the release of all the water con-
tent (found: 10.85; calc.: 10.96%). A clear plateau is
reached at about 120 ◦C up to 200 ◦C, suggesting that
the anhydrous species is thermally stable. The anhy-
drous product, obtained after a TG experiment up to
140 ◦C by keeping the heating rate at 1 ◦C min−1 or
by keeping the sample at 110 ◦C for 24 h, was isolated
(temperature-arrest technique [51, 52]) and studied by
IR (Fig. 5b), far IR and Raman spectroscopic methods
(see below). The anhydrous intermediate decomposes
above 200 ◦C with a rather simple degradation mech-
anism, as revealed by the appearance of two rather
broad DTG maxima at 271 and 361 ◦C, and without
the formation of a new stable intermediate. A brown
amorphous residue of CdO [53] (found: 40.79; calc.
39.08%) is obtained at ∼ 380 ◦C. The formation of the
thermally stable, anhydrous intermediate is summa-
rized by eq. (2). It is a matter of interest that the species
with the empirical formula Cd(O2CMe)(O2CPh) has
been isolated in pure form from a solid-state reaction

[Cd(O2CMe)(O2CPh)(H2O)2]n
90−115 ◦C−−−−−−→

N2

1
[Cd(O2CMe)(O2CPh)]n + 2nH2 O ↑ (2)
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[eq. (2)], whilst attempts for its preparation from solu-
tion have been unsuccessful.

The IR spectrum of the anhydrous product (which
appears slightly hygroscopic) is identical to that of 1,
except for the fact that the former does not contain the
band of coordinated water at ∼ 3440 cm−1 (Fig. 5).
The identical frequencies of the νas(CO2) and νs(CO2)
modes in the spectra of 1 and its anhydrous form may
suggest that the coordination modes of acetate and ben-
zoate ligands remain the same in the latter.

Concluding Comments

Compound [Cd(O2CMe)(O2CPh)(H2O)2]n (1), ini-
tially obtained serendipitously and subsequently iso-
lated using a rational synthetic scheme, is one-
dimensional coordination polymer possessing interest-
ing structural and physical/spectroscopic properties. Its
mixed-carboxylate character and good solubility prop-
erties make this complex a useful starting material in
the area of cadmium carboxylate chemistry. Complex
1 occupies the third apex of a triangle in CdII/RCO2

−
chemistry (R = Me, Ph); the other two apices are
occupied by the structurally characterized homocar-
boxylate species [Cd(O2CMe)2(H2O)2]n (3) [35] and
[Cd(O2CPh)2(H2O)2]·2PhCOOH (4) [54], which have
1D and monomeric structures, respectively. Complex 1
retains the η1:η2:µ2 MeCO2

− coordination mode ob-
served for one acetate in 3 and the chelating PhCO2

−
character observed for both benzoate ligands in 4. The
anhydrous compound isolated by the solid-state ther-
mal decomposition of 1 emphasizes further the ver-
satility of cadmium carboxylate chemistry. Work is
in progress in our laboratories to isolate and struc-
turally characterize a PhCOOH-free cadmium ben-
zoate complex.

Experimental Section

All manipulations were performed under aerobic condi-
tions using starting materials (Merck) and solvents as re-
ceived. Elemental analyses (C, H) were conducted by the
University of Ioannina, Greece, Microanalytical Service. IR
spectra (4000 – 500 cm−1) were recorded on a Perkin-Elmer
16PC FT spectrometer with samples prepared as KBr pel-
lets. Far-IR spectra (500 – 100 cm−1) were recorded on a
Bruker IFS 113v FT spectrometer with a DTGS detector
using polyethylene pellets. The Raman spectrum has been
measured in the micro-Raman backscattering geometry. The
spectra were excited with the 441.6 nm line of an air-cooled
HeCd laser of Kimmon Electric Co. (Dual, 325/442 nm,
UV/blue, 20/80 mW, IK5651R-G model laser). A narrow-

bandpass interference filter was used for the elimination of
the laser plasma lines. The excitation beam was directed to
the sample compartment of a confocal open microscope at-
tachment for punctual analysis. The microscope was used
for the delivery of the excitation laser beam on the sample.
The focusing objective was a Long Working distance (8 mm)
50x/0.55 Olympus lens. The spectrum was obtained using
a ∼ 5 mW laser power on the specimen for a total inte-
gration time of 5 s. The Raman scattered radiation was fo-
cused on a confocal entrance slit (of 100 µm width) of an
achromatic flat field spectrograph of 800 nm focal length.
The integrated laser Raman system employed was the UV-
vis Labram HR of the Jobin Yvon-Horiba group. The disper-
sion and the detection of the Raman photons were done by
an 1800-grooves/mm grating an a 2D CCD detector (operat-
ing at 140 K), respectively. The spectral slit width was ap-
proximately 3 cm−1. Thermogravimetric (TG), differential
thermogravimetric (DTG) and differential thermal analysis
(DTA) experiments were performed on the SDT-2960 mod-
ule from TA Instruments in a dinitrogen gas flow; sample
weights of 5 – 15 mg and heating rates of 1 and 5 ◦C min−1

were used. The solid-state 113Cd NMR spectrum of 1 was
measured with the same single crystals used previously in
crystallography, in a finely ground form. The spectrum was
obtained using the CP MAS 113Cd NMR techniques on a
Bruker AM 300 spectrometer operating at 66.576 MHz. The
contact time was 4 ms, the delay time 2 s and the rotor speed
set at 3.5 KHz. The solution (D2O, ∼ 70 mM) 113Cd NMR
spectrum was recorded on a Bruker WP200 spectrometer.
For both solid-state and solution spectra chemical shifts are
quoted relative to 0.1 M Cd(ClO4)2 aqueous (D2O) solution
as the reference with positive chemical shifts downfield.

Serendipitous isolation of complex 1

A colourless slurry of “Cd(O2CPh)2 · xH2O” (∼ 0.11 g,
∼ 0.3 mmol, see Synthetic comments) and bepy (0.06 g,
0.3 mmol) in MeCN (20 ml) was refluxed for 20 min. The
solids soon dissolved to give a clear, homogeneous solution.
The reaction solution was refluxed for a further 10 min. Slow
evaporation of the solution at room temperature gave a mix-
ture of well-formed, prismatic colourless crystals and pale
yellow plates. The products were carefully collected by filtra-
tion. The two crystalline materials were separated manually,
dried in air and identified individually as complexes [Cd(O2
CMe)(O2CPh)(H2O)2]n (1) (by single-crystal X-ray crystal-
lography) and [Cd3(O2CPh)6(bepy)2] (2) (by elemental anal-
yses and IR spectra). The yields for 1 and 2 were 15 and 45%,
respectively (based on the total available cadmium).

Rational synthesis of [Cd(O2CMe)(O2CPh)(H2O)2]n (1)

A stirred colourless solution of Cd(O2CMe)2 · 2H2O
(0.21 g, 0.8 mmol) in MeCN (15 ml) was treated with
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Table 3. Summary of crystal data, data collection and struc-
ture refinement for X-ray diffraction study of complex 1.
Chemical formula C9H12O6Cd
Formula weight 328.59
Colour, habit colourless prisms
Crystal system monoclinic
Space group P21/a
a (Å) 11.816(1)
b (Å) 8.969(1)
c (Å) 12.065(1)
β (◦) 112.27(1)
V (Å3) 1183.3(2)
Z 4
Dcalc (g cm−3) 1.844
µ (mm−1) 14.921
F (000) 648
Radiation (Å) Cu-Ka (λ = 1.54180)
Temperature (K) 298
Scan mode/speed (◦ min−1) θ −2θ/4.5
θ Range (◦) 6.33 – 62.02
h, k, l Ranges −13 → 9, 0 → 10, 0 → 13
Measured reflections 1859
Unique reflections 1792 (Rint = 0.0457)
Reflections used [I > 2σ(I)] 1725
Parameters refined 153
[∆/σ ]max 0.013
wa a = 0.1207; b = 1.2102
GoF (on F2) 1.086
R1b [I > 2σ(I)] 0.0580
wR2c [I > 2σ(I)] 0.1485
(∆ ρ)max/(∆ ρ)min (e Å−3) 0.877/−0.868
a w = 1/[σ2(F2

o ) + (aP)2 + bP] and P = (max(F2
o ,0) + 2F2

c )/3;
b R1 = Σ(|Fo| − |Fc|)/Σ(|Fo|); c wR2 = {Σ[w(F2

o − F2
c )2] /

Σ[w(F2
o )2]}1/2.

PhCOOH (0.11 g, 0.9 mmol). The resulting white suspen-
sion was refluxed for 40 min; most of the solid dissolved
during this time. The reaction mixture was filtered to re-
move a small quantity of undissolved material. The colour-
less filtrate was allowed to slowly concentrate at 25 ◦C. Well-
formed, X-ray quality colourless crystals appeared after 24 h,
which were collected by filtration, washed with Et2O and
dried in air. Typical yields were in the 75 – 85% range. IR
(KBr pellet): ν = 3445, 1595, 1404, 1176, 1071, 1050, 1026,
954, 860, 720, 686, 620, 580, 535 cm−1. – Far-IR (polyethy-
lene pellet): ν = 430, 332, 314, 286, 277, 255, 244, 222,

201, 177, 157, 128, 120, 112, 107 cm−1. – Main Raman
lines: ν = 3076, 3060, 2940, 1610, 1498, 1437, 1411, 1187,
1127, 1005, 955, 866, 622 cm−1. – CP MAS 113Cd NMR
(66.576 MHz): δ = −41 (s). – 113Cd NMR (66.576 MHz,
D2O): δ = 46 (s). – C9H12O6Cd (328.59): calcd. C 32.90, H
3.69; found C 33.07, H. 3.56.

Crystal structure determination

A colourless prismatic crystal of 1 (0.08 × 0.14 ×
0.30 mm) was mounted in air. Diffraction measurements
were made on a P21 Nicolet diffractometer upgraded by
Crystal Logic using graphite monochromated Cu radiation.
Crystal data and full details of the data collection and data
processing are listed in Table 3. Unit cell dimensions were
determined and refined by using the angular settings of 25
automatically centred reflections in the range 22 < 2θ <
54◦. Three standard reflections, monitored every 97 reflec-
tions, showed less than 3% intensity variation and no de-
cay. Lorentz and polarization corrections were applied using
Crystal Logic software.

The structure was solved by direct methods using
SHELXS-86 [55] and refined by full-matrix least-squares
techniques on F2 with SHELXL-93 [56]. Almost all H atoms
were introduced at calculated positions as riding on bonded
atoms. Only one H atom of the two aqua ligands was located
in the difference map and refined isotropically; the rest were
not included in the refinement. All non-H atoms were refined
using anisotropic displacement parameters. One X-ray crys-
tallographic file for complex 1, in CIF format, has been de-
posited with the Cambridge Crystallographic Data Centre,
12 Union Road, Cambridge CB2 1EZ, UK, under the num-
ber 216776. A copy may be requested free of charge from the
Director of CCDC (E-mail: deposit@ccdc.cam.ac.uk).

Acknowledgements

Thanks are due to Dr. G. A. Voyiatzis (Applied Molecu-
lar Spectroscopy group of FORTH/ICE-HT, Patras, Greece)
for performing the Raman measurement. We also thank Mr.
Jos Janssens and Prof. H. O. Desseyn (both at the Chemistry
Department of the University of Antwerp, RUCA, Antwerp,
Belgium) for collecting thermal decomposition data and for
helpful discussions, respectively.

[1] R. L. Rardin, W. B. Tolman, S. J. Lippard, New J.
Chem. 15, 417 (1991).

[2] R. C. Mehrotra, R. Bohra, Metal Carboxylates, Aca-
demic Press, New York (1983).

[3] J. Catterick, P. Thornton, Adv. Inorg. Chem. Ra-
diochem. 20, 291 (1977).

[4] G. Aromi, S. M. J. Aubin, M. A. Bolcar, G. Christou,
H. J. Eppley, K. Folting, D. N. Hendrickson, J. C. Huff-

man, R. C. Squire, H.- L. Tsai, S. Wang, M. W. Wem-
ple, Polyhedron 17, 3005 (1998).

[5] S.-L. Li, T. C. W. Mak, Inorg. Chim. Acta 258, 11
(1997) and references therein.

[6] X. Lei, M. Shang, T. P. Fehlner, Polyhedron 16, 1803
(1997).

[7] Y.-X. Tong, X.-M. Chen, S. W. Ng, Polyhedron 16,
3363 (1997).



T. C. Stamatatos et al. · Catena-(acetato)(benzoato)bis(aqua)cadmium(II) 1053

[8] H. Strasdeit, W. Saak, S. Pohl, W. L. Driessen, J. Reed-
ijk, Inorg. Chem. 27, 1557 (1988).

[9] U. Förstner, G. T. W. Wittmann, Metal Pollution in the
Aquatic Environment, Springer, Heidelberg (1983).

[10] D. L. Reger, J. E. Collins, S. M. Myers, A. L.
Rheingold, L. M. Liable-Sands, Inorg. Chem. 35, 4904
(1996).

[11] L. G. Marzilli, T. J. Kistenmacher, G. L. Eichhorn in,
Metal Ions in Biology, T. G. Spiro (ed.), vol. 1, p. 179,
Wiley, New York (1980).

[12] R. D. Bailey, W. T. Pennington, Polyhedron 16, 417
(1997).

[13] B. F. Abrahams, M. J. Hardie, B. F. Hoskins, R. Rob-
son, E. E. Sutherland, J. Chem. Soc., Chem. Commun.
1049 (1994).

[14] T. Soma, H. Yuge, T. Iwamoto, Angew. Chem., Int. Ed.
33, 1665 (1994).

[15] F. Fredoueil, D. Massiot, P. Janvier, F. Gingl,
M. Bujoli-Doeuff, M. Evain, A. Clearfield, B. Bujoli,
Inorg. Chem. 38, 1831 (1999).

[16] Z. Wang, R.-G. Xiong, B. M. Foxman, S. R. Wilson,
Inorg. Chem. 38, 1523 (1999).

[17] F. A. Almeida Paz, Y. Z. Khimyak, A. D. Bond,
J. Rocha, J. Klinowski, Eur. J. Inorg. Chem. 2823
(2002).

[18] C. J. Milios, C. P. Raptopoulou, A. Terzis, R. Vicente,
A. Escuer, S. P. Perlepes, Inorg. Chem. Commun. 6,
1056 (2003).

[19] C. J. Milios, E. Kefalloniti, C. P. Raptopoulou,
A. Terzis, R. Vicente, N. Lalioti, A. Escuer, S. P.
Perlepes, Chem. Commun. 819 (2003).

[20] G. S. Papaefstathiou, A. Escuer, M. Font-Bardia, S. P.
Perlepes, X. Solans, R. Vicente, Polyhedron 21, 2027
(2002).

[21] A. K. Boudalis, N. Lalioti, G. A. Spyroulias, C. P. Rap-
topoulou, A. Terzis, A. Bousseksou, V. Tangoulis, J.-
P. Tuchagues, S. P. Perlepes, Inorg. Chem. 41, 6474
(2002).

[22] K. Skorda, G. S. Papaefstathiou, A. Vafiadis,
A. Lithoxoidou, C. P. Raptopoulou, A. Terzis, V. Psy-
charis, E. Bakalbassis, V. Tangoulis, S. P. Perlepes,
Inorg. Chim. Acta 326, 53 (2001).

[23] N. Lalioti, C. P. Raptopoulou, A. Terzis, A. E. Aliev,
I. P. Gerothanassis, E. Manessi-Zoupa, S. P. Perlepes,
Angew. Chem. Int. Ed. 40, 3211 (2001).

[24] G. S. Papaefstathiou, A. Escuer, R. Vicente, M. Font-
Bardia, X. Solans, S. P. Perlepes, Chem. Commun.
2414 (2001).

[25] G. S. Papaefstathiou, S. P. Perlepes, A. Escuer, R. Vi-
cente, M. Font-Bardia, X. Solans, Angew. Chem. Int.
Ed. 40, 884 (2001).

[26] G. S. Papaefstathiou, C. P. Raptopoulou, A. Tsohos,
A. Terzis, E. G. Bakalbassis, S. P. Perlepes, Inorg.
Chem. 39, 4658 (2000).

[27] A. Tsohos, S. Dionyssopoulou, C. P. Raptopoulou,
A. Terzis, E. G. Bakalbassis, S. P. Perlepes, Angew.
Chem. Int. Ed. 38, 983 (1999).

[28] V. Tangoulis, C. P. Raptopoulou, A. Terzis, S. Paschali-
dou, S. P. Perlepes, E. G. Bakalbassis, Inorg. Chem. 36,
3996 (1997).

[29] V. Tangoulis, C. P. Raptopoulou, S. Paschalidou, E. G.
Bakalbassis, S. P. Perlepes, A. Terzis, Angew. Chem.
Int. Ed. 36, 1083 (1997).

[30] V. Tangoulis, C. P. Raptopoulou, S. Paschalidou, A. E.
Tsohos, E. G. Bakalbassis, A. Terzis, S. P. Perlepes, In-
org. Chem. 36, 5270 (1997).

[31] J. B. Vincent, C. Christmas, H.-R. Chang, Q. Li,
P. D. W. Boyd, J. C. Huffman, D. N. Hendrickson,
G. Christou, J. Am. Chem. Soc. 111, 2086 (1989).

[32] G. Christou, S. P. Perlepes, E. Libby, K. Folting, J. C.
Huffman, R. J. Webb, D. N. Hendrickson, Inorg. Chem.
29, 3657 (1990).

[33] M. Soler, P. Artus, K. Folting, J. C. Huffman, D. N.
Hendrickson, G. Christou, Inorg. Chem. 40, 4902
(2001).

[34] M. L. Post, J. Trotter, J. Chem. Soc., Dalton Trans.
1922 (1974).

[35] W. Harrison, J. Trotter, J. Chem. Soc., Dalton Trans.
956 (1972).

[36] M. R. Peterson, I. G. Csizmadia, J. Am. Chem. Soc.
101, 1076 (1979).

[37] K. B. Wiberg, K. E. Laidig, J. Am. Chem. Soc. 109,
5935 (1987).

[38] E. L. Muetterties, C. M. Wright, Quart. Rev. 21, 109
(1967).

[39] D. L. Kepert, Inorganic Stereochemistry, pp. 117 – 151,
Springer, Berlin (1982).

[40] R. Wang, M. Hong, J. Luo, R. Cao, Q. Shi, J. Weng,
Eur. J. Inorg. Chem. 2904 (2002).

[41] E. V. Brusau, J. C. Pedregosa, G. E. Narda, G. Eche-
verria, G. Punte, J. Solid State Chem. 153, 1 (2000).

[42] L. S. Gelfand, F. J. Iaconiani, L. L. Pytlewski, A. N.
Speca, C. M. Mikulski, N. M. Karayannis, J. Inorg.
Nucl. Chem. 42, 377 (1980).

[43] G. B. Deacon, R. J. Phillips, Coord. Chem. Rev. 33, 227
(1980).

[44] F. R. Dollish, W. G. Fateley, F. F. Bentley, Characteris-
tic Raman Frequencies of Organic Compounds, p. 110,
Wiley, New York (1974).

[45] H. O. Desseyn in, The Chemistry of Acid Derivatives,
S. Patai (ed.), vol. 2, pp. 271 – 303, Wiley, New York
(1992).

[46] M. F. Summers, Coord. Chem. Rev. 86, 43 (1988).
[47] P. D. Ellis, Science 221, 1141 (1983).
[48] P. F. Rodesiler, E. L. Amma, J. Chem. Soc., Chem.

Commun. 182 (1982).
[49] N. G. Charles, E. A. H. Griffith, P. F. Rodesiler, E. L.

Amma, Inorg. Chem. 22, 2717 (1983).



1054 T. C. Stamatatos et al. · Catena-(acetato)(benzoato)bis(aqua)cadmium(II)

[50] K. H. Chung, E. Hong, Y. Do, C. H. Moon, J. Chem.
Soc., Dalton Trans. 3363 (1996).

[51] S. H. J. De Beukeleer, H. O. Desseyn, S. P. Perlepes,
J. Mullens, Thermochim. Acta 257, 149 (1995).

[52] S. P. Perlepes, A. Garoufis, J. Sletten, E. G.
Bakalbassis, G. Plakatouras, E. Katsarou, N. Hadjil-
iadis, Inorg. Chim. Acta 261, 93 (1997).

[53] Y.-B. Dong, R. C. Layland, M. D. Smith, N. G.
Pschirer, U. H. F. Bunz, H.-C. zur Loye, Inorg. Chem.
38, 3056 (1999).

[54] E. L. Amma, E. A. H. Griffith, N. G. Charles, P. F.
Rodesiler, Am. Cryst. Assoc., Abstr. Papers, p. 39
(1983).

[55] G. M. Sheldrick, SHELXS-86, Program for the So-
lution of Crystal Structures, University of Göttingen,
Germany (1986).

[56] G. M. Sheldrick, SHELXL-93, Program for Crystal
Structure Refinement, University of Göttingen, Ger-
many (1993).


