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The combination of iminodiacetic acid (H2ida) with cobalt(II) chloride hexahydrate in the presence of sodium
hydroxide, followed by heating, produces the trans-facial isomer of K[Co(ida)2] � 2H2O. This compound
contains extensive intermolecular and intramolecular coordination and hydrogen bonding involving the
potassium ions, and results in a complex three-dimensional structure in which each potassium ion is immedi-
ately surrounded by six cobalt centers.
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INTRODUCTION

The coordination chemistry of cobalt(II) and (III) with multidentate ligands has been
comprehensively studied [1] and indeed the history of coordination chemistry has its
origins in the chemistry of cobalt [2,3]. Bis(imidodiacetate) complexes of cobalt(III)
have been known for some time. Two isomers, the violet cis-K[Co(ida)2] [3,4]
(ida¼ imidoacetate) and the brown trans-K[Co(ida)2] [4] were originally assigned by
comparison of the visible spectra of these with known complexes but both of these
have since been fully characterized (with only the cis isomer being characterized
by x-ray crystallography) [6]. In both examples, the ida ligands favor the facial con-
formation, and will only bind in a meridional fashion if forced to do so [7]. The
x-ray crystal structure of the violet cis isomer of K[Co(ida)2] � 2H2O was reported
nearly 30 years ago [5] and since then, only two reports of x-ray crystal structures
of the trans isomer of cobalt(III) have appeared in the literature; viz Ca[trans-
Co(ida)2]2 � 6H2O [8] and (H5O2)[trans-Co(ida)2] � 2H2O [9], while the x-ray structure
of cobalt(II) complex Na2[Co(ida)2] � 7H2O has also been performed. [10] The structure
of the potassium salt has still not been published and we therefore report here the
x-ray crystal structure of the trans-N facial isomer of K[Co(ida)2] � 2H2O.
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EXPERIMENTAL

The trans-N facial isomer of K[Co(ida)2] � 2H2O was synthesized according to the
literature method [4]. Dark brown x-ray quality crystals were isolated by slow cooling
of the reaction mixture.

Crystal Structure Determination

A crystal of K[Co(ida)2] � 2H2O was mounted on a glass fibre using epoxy resin, and
a hemisphere of data were collected at room temperature on a Bruker SMART CCD
diffractometer using the omega scan mode with total reflections and unique data
listed in Table I. Data were corrected for absorption using the program SADABS.
[11]. The position of the heavy atoms were found using the Patterson method and
refined on F 2 using SHELXL97-2 [12] with X-SEED [13] as a graphics interface.
All non-hydrogen atoms were located and were refined with anisotropic thermal
parameters. All hydrogen atoms were located and refined with isotropic thermal
parameters. Crystal data and a summary of data collection appear in Table I,
while positional parameters and selected bond distances and angles appear in
Tables II and III, and hydrogen bonding parameters are compiled in Table IV.

DISCUSSION

K[Co(ida)2] � 2H2O crystallizes in the monoclinic space group P21/c with one half of
the complex in the asymmetric unit and both potassium and cobalt atoms residing
on inversion centers. In the [Co(ida)2]

� anion, the cobalt center is close to regular
octahedral geometry with the two ida ligands being bound in a tridentate fashion
through two carboxylato oxygen centers and the imino nitrogen center (Fig. 1).
The ligands are bound in a facial arrangement with the nitrogen atoms in transoid
positions. The cobalt–nitrogen (Co(1)–N(1), 1.931(2) Å) and cobalt–oxygen distances

TABLE I Crystal data and structure refinement for K[trans-Co(ida)2] � 2H2O

Molecular formula C8H14CoKN2O10
Molecular weight 396.24
Crystal system, space group monoclinic, P21/c
Cell dimensions
a (Å) 5.1584(9)
b (Å) 11.2002(19)
c (Å) 12.068(2)
� (�) 97.574(3)

Volume (Å3) 691.1(2)
Z 2
Calculated density (g cm�3) 1.904
Absorption coefficient (mm�1) 1.599
F(000) 404
Crystal size (mm) 0.50� 0.50� 0.40
Reflections collected/unique 3042/997 [R(int)¼ 0.0558]
Max. and min. transmission 0.5672 and 0.5020
Data/restraints/parameters 997/0/132
Final R indices [I>2 sigma (I )] R1¼ 0.0435, wR2¼ 0.1096
R indices (all data) R1¼ 0.0460, wR2¼ 0.1121
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(Co(1)–O(1), 1.882(2), Co(1)–O(3), 1.888(2) Å) are unexceptional and similar to those in
the cis isomer [5]. As in the cis isomer, the C–O distances in the ida ligand are asym-
metric [5]. Where the oxygen atoms are bound to Co, the C–O distances are longer
(C–O, 1.296(3) and 1.301(3) Å) than those that are uncomplexed, (C–O, 1.225(3) and
1.225(4) Å) corresponding to double bond character in the latter. The angles about
the cobalt center are close to 90� (Table III) confirming octahedral geometry.

TABLE III Selected (i) bond lengths [A] and (ii) angles [deg] for K[trans-Co(ida)2] � 2H2O

Atoms Distance Atoms Distance

(i)
Co(1)–O(1) 1.8817(17) K(1)–O(2)#2 2.6837(18)
Co(1)–O(3) 1.8882(17) K(1)–O(4) 2.989(2)
Co(1)–N(1) 1.931(2) K(1)–O(5) 3.096(5)

K(1)–O(4)#5 3.263(3)
(ii)
O(1)–Co(1)–O(1)#1 180.0 O(3)–Co(1)–N(1) 87.08(8)
O(1)–Co(1)–O(3) 90.05(8) O(1)–Co(1)–N(1)#1 93.40(8)
O(1)–Co(1)–O(3)#1 89.95(8) O(3)–Co(1)–N(1)#1 92.92(8)
O(3)–Co(1)–O(3)#1 180.0 N(1)–Co(1)–N(1)#1 180.0
O(1)–Co(1)–N(1) 86.60(8) O(2)#2–K(1)–O(2)#3 180.0
O(2)#2–K(1)–O(4) 76.62(7) O(2)#3–K(1)–O(4) 103.38(7)
O(2)#2–K(1)–O(4)#5 108.36(6) O(2)#3–K(1)–O(4)#5 71.64(6)
O(2)#2–K(1)–O(5) 112.60(8) O(2)#3–K(1)–O(5) 67.40(8)
O(4)#4–K(1)–O(4) 180.0 O(4)–K(1)–O(4)#5 68.90(7)
O(4)–K(1)–O(4)#6 111.10(7) O(4)–K(1)–O(5)#4 114.73(8)
O(4)–K(1)–O(5) 65.27(8) O(4)#5–K(1)–O(5) 106.60(8)
O(4)#6–K(1)–O(5) 73.40(8) O(5)#4–K(1)–O(5) 180.0

Symmetry transformations used to generate equivalent atoms: #1 � xþ 1, � yþ 1, � zþ1; #2 �x, y� 1/2, � zþ1/2; #3 x,
� yþ 1/2, zþ 1/2; #4 �x, � y, � zþ1; #5 � xþ1, � y, � zþ 1; #6 x, � 1, y, z.

TABLE II Atomic coordinates and isotropic displacement parameters for K[trans-Co(ida)2] � 2H2O

x y z U(eq)

Co(1) 0.5000 0.5000 0.5000 0.024(1)
K(1) 0 0 0.5000 0.062(1)
O(1) 0.2064(4) 0.5299(2) 0.3936(1) 0.033(1)
N(1) 0.6689(4) 0.4414(2) 0.3772(2) 0.029(1)
C(1) 0.2558(5) 0.5323(2) 0.2911(2) 0.028(1)
O(2) 0.0998(3) 0.5705(2) 0.2139(2) 0.039(1)
C(2) 0.5234(7) 0.4882(3) 0.2716(3) 0.033(1)
O(3) 0.3829(3) 0.3422(2) 0.5171(1) 0.036(1)
C(3) 0.6838(6) 0.3100(3) 0.3864(3) 0.041(1)
O(4) 0.4586(5) 0.1543(2) 0.4701(2) 0.062(1)
C(4) 0.4954(6) 0.2618(2) 0.4619(2) 0.039(1)
O(5) 0.0878(7) 0.2126(3) 0.6646(4) 0.087(1)

TABLE IV Hydrogen bonds for K[trans-Co(ida)2] � 2H2O [A and deg]

D–H� � �A d(D–H) d(H� � �A) d(D� � �A) <(DHA)

N(1)–H(1)� � �O(1)#8 0.81(4) 2.12(4) 2.926(3) 177(3)
O(5)–H(4)� � �O(2)#9 0.75(7) 2.36(7) 3.060(4) 155(7)
O(5)–H(9)� � �O(3) 0.78(7) 2.12(7) 2.882(4) 167(6)

Symmetry transformations used to generate equivalent atoms: #8 xþ 1, y, z; #9 � x, � yþ 1, � zþ 1.
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The potassium ion does not exist as a discrete ion in the lattice, but rather is coordi-
nated to eight oxygen centers, giving it a geometry most closely described [14] as
a bicapped octahedron (Fig. 2). The eight-fold coordination arises from two water
molecules and six carbonyl oxygens of the ida ligands, with the water molecules situated
in the capping positions of the octahedron (Fig. 2). The K–O distances vary consider-
ably with K(1)–O(2) being 2.684(2) Å and K(1)–O(4) of 3.263(3) Å spanning this range.
The K–O(water) distances (3.096(5) Å) are at the upper end of this range.
The interaction between potassium ions and the carbonyl oxygen atoms of the ida

ligands result in interesting packing of the crystal lattice (Fig. 3). Each potassium
center is surrounded by six [Co(ida)2]

� anions, which in turn are coordinatively
attached to four potassium centers through the carbonyl oxygens of the ida in
a second sphere fashion. The cations and anions thus alternate along both the crystal-
lographic b and c axes. Additionally, the water molecules bound to potassium are
hydrogen bound to the nitrogen atom and are involved in an extensive hydrogen
bonded array, further holding the lattice in a rigid framework (Table IV, Fig. 3). The
potassium ions therefore act as coordination linkers, and effectively connect
the entire crystal in a coordinated polymeric array. This packing is similar to that

FIGURE 1 The octahedral coordination geometry about cobalt in K[Co(ida)2] � 2H2O.

FIGURE 2 The bicapped octahedral geometry about potassium in K[Co(ida)2] � 2H2O.
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observed in the cis-isomer, however the advancement in crystallographic techniques has
allowed us to study these packing effects with much greater precision. The structure of
the present complex can be compared with Ca[trans-Co(ida)2]2 � 6H2O [8] and
(H5O2)[trans-Co(ida)2] � 2H2O [9]. The structure of the complex anions in all three
cases is essentially identical. However, in comparing the overall three-dimensional
structures of the three, distinct differences are observable. In the present complex,
both the potassium counterions and hydrogen bonding contribute to the three dimen-
sional network (see above), while in the calcium complex [8], the calcium atoms link
the anions into a two-dimensional layer and hydrogen bonding extends the array
to the third dimension. In (H5O2)[trans-Co(ida)2] � 2H2O [9] the overall morphology is
a two-dimensional layered structure where hydrogen bonding binds the cations,
complex anions and water molecules.

CONCLUSION

The combination of iminodiacetic acid (H2ida) with cobalt(II) chloride hexahydrate
in the presence of sodium hydroxide, followed by heating, results in the formation
of the trans-facial isomer of the complex K[Co(ida)2] � 2H2O. Each potassium ion
is coordinated to six Co(ida) ions, which in turn act as coordination linkers
and cause a highly complex, polymeric packing morphology. The presence of two addi-
tional water molecules coordinated to each potassium ion results in intramolecular
hydrogen bonding between ida ligands, adding further rigidity to the overall crystal
structure.
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FIGURE 3 Packing diagram of K[Co(ida)2] � 2H2O showing the extended three-dimensional structure with
extensive hydrogen bonding.
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