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ABSTRACT: Three supramolecular complexes of Co(II) using SCN-/SeCN- in combination with 4,4′-dipyridyl-N,N′-dioxide (dpyo),
i.e., { [Co(SCN)2(dpyo)2]‚(dpyo)} n (1), { [Co(SCN)2(dpyo)(H2O)2]‚(H2O)} n (2), { [Co(SeCN)2(dpyo)(H2O)2]‚(H2O)} n (3), have been
synthesized and characterized by single-crystal X-ray analysis. Complex 1 is a rare example of a dpyo bridged two-dimensional
(2D) coordination polymer, and π-stacked dpyo supramolecular rods are generated by the lattice dpyo, passing through the rhombic
grid of stacked layers, resulting in a three-dimensional (3D) superstructure. Complexes 2 and 3 are isomorphous one-dimensional
(1D) coordination polymers [-Co-dpyo-Co-] that undergo self-assembly leading to a bilayer architecture derived through an R2

2(8)
H-bonding synthon between coordinated water and dpyo oxygen. A reinvestigation of coordination polymers [Mn(SCN)2(dpyo)-
(H2O)(MeOH)]n (4) and { [Fe(SCN)2(dpyo)(H2O)2]‚(H2O)} n (5) reported recently by our group [Manna et al. Indian J. Chem. 2006,
45A, 1813] reveals brick wall topology rather than bilayer architecture is due to the decisive role of S‚‚‚S/Se‚‚‚Se interactions in
determining the helical nature in 4 and 5 as compared to zigzag polymeric chains in 2 and 3, although the same R2

2(8) synthon is
responsible for supramolecular assembly in these complexes.

Introduction

Advancement in the field of supramolecular chemistry2 and
crystal engineering3 during few last decades is noteworthy with
a multitude of applications in various fields of chemistry such
as molecular recognition,4 sensors,5 catalysis,6 host-guest
chemistry,7 surface patterning,8 electrical conductivity,9 molec-
ular sieves,10 nonlinear optics,11 etc. However, the full potential
of this branch of chemistry is yet to be realized. The principle
of designed synthesis of functional materials to some extent
has been rationalized, but a multitude of factors especially the
weak forces often come into play, and accurate prediction of
the outcome of the crystallization process is yet to be realized.
In this respect, it is very important to explore the role of weak
interactions in crystal packing when a number of them are
operating simultaneously. In recent times, 4,4′-dipyridyl-N,N′-
dioxide (dpyo) has been increasingly used in crystal engineering
as a potential ligand having the following advantageous
features: (i) it is a long spacer that allows for construction of
microporous materials with large cavities or channels; (ii) it
possesses flexible coordination modes (cis-µ-4,4′; trans-µ-4,4′;
µ-4,4; µ-4,4,4′,4′ and µ-4,4,4′) that may lead to novel topological
architectures; (iii) it has a strong capability of forming hydrogen
bonding and π-π interactionspotential crystal engineering tools

for tuning the supramolecular architecture; and (iv) its higher
melting point allows the generation of materials with high
thermal stability.12 Only a limited number of compounds using
this ligand have been documented until now,13 and there is ample
scope of further exploration in the field of crystal engineering
and supramolecular chemistry using this ligand. Ambidentate
short linear ligands SCNj and SeCNj have been used by many
research groups together with other rigid long spacers to design
frameworks with different topologies. These pseudohalides when
acting as bridging ligands sometimes provide a super exchange
pathway14 for magnetic interaction between successive metal
centers, but more often it has been observed that they act as
monodentate ligands to satisfy the coordination geometry of the
metal ion.15 In such complexes, pendant SCNj/SeCNj often
participate in weak hydrogen bonding,16 but sometimes they
also interact through S‚‚‚S17/Se‚‚‚Se18 interactions, which influ-
ence the overall topology of the framework. It is noteworthy
that dpyo bridged coordination polymers in combination with
SCNj/SeCNj are scarce, and only two complexes, [Mn(SCN)2-
(dpyo)(H2O)(MeOH)] (4) and [Fe(SCN)2(dpyo)(H2O)2]‚(H2O)
(5), have been reported by our group recently.1 In continuation,
we have prepared a Co(II) analogue adopting the same reaction
conditions, which is { [Co(SCN)2(dpyo)2]‚(dpyo)} n (1), display-
ing a two-dimensional (2D) rhombic grid structure with a
π-stacked dpyo supramolecular rod inside the channel of the
stacked grids, forming a three-dimensional (3D) supramolecular
architecture. In an attempt to arrange the lattice dpyo molecules
in the form of a molecular wire, a one-dimensional (1D)
coordination polymer [-Ag(I)-dpyo-Ag(I)-]n passing through the
rhomboidal grids, the previous reaction was carried out in the
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presence of Ag(I) salt. In contrast to our expectation, the product
obtained was again a dpyo bridged 1D coordination polymer,
{ [Co(SCN)2(dpyo)(H2O)2]‚(H2O)} n (2). The reaction of Co(II)
with dpyo in the presence of SeCNj also resulted a 1D
coordination polymer, { [Co(SeCN)2(dpyo)(H2O)2]‚(H2O)} n (3).
Complexes 2 and 3 are isomorphous, and supramolecular
assembly into a bilayer architecture is due to the tendency of
these chains to self-assemble through the formation of an
R2

2(8) hydrogen-bonded synthon between dpyo oxygen and
coordinated water of two adjacent chains. An attempt to compare
the supramolecular assembly of the complexes (2, 3) with (4,
5) reveals brick wall (in the bc plane) and rectangular grid (in
the ac plane) topology in the overall 3D supramolecular assem-
bly of these complexes instead of bilayer architecture observed
in 2 and 3, although the same R2

2(8) synthon is responsible for
their self-assembly. A deeper investigation behind this archi-
tectural variation in self-assembly of 1D polymeric chains of
(2, 3) and (4, 5) has led us to unravel that S‚‚‚S/Se‚‚‚Se
interaction is responsible for this. Besides describing the rare
2D coordination polymer (complex 1), we report also the im-
portance of relatively weaker forces, i.e., S‚‚‚S/Se‚‚‚Se inter-
actions, in determining the ultimate supramolecular assembly
in the solid state.

Experimental Section

Materials. High purity 4,4′-dipyridyl-N,N′-dioxide (98%) was
purchased from Aldrich Chemical Co. and was used as received. All
other chemicals were of AR grade.

Physical Measurements. Elemental analyses (C, H, N) were
performed using a Perkin-Elmer 240C elemental analyzer. IR spectra
were measured from KBr pellets on a Nicolet 520 FTIR spectrometer.
The magnetic susceptibility was measured at 27 °C using an EG and
G PAR-155 vibrating sample magnetometer, using Hg[Co(SCN)4] as
reference material; diamagnetic correction was made by using Pascal’s
constant. Thermal analyses were carried out on a Perkin-Elmer Pyris
Diamond system.

Synthesis of { [Co(SCN)2(dpyo)2]‚(dpyo)} n (1). An aqueous solution
(5 mL) of ammonium thiocyanate (0.152 g, 2 mmol) was added to an
aqueous solution (5 mL) of Co(NO3)2‚6H2O (1 mmol; 0.291 g) with
constant stirring. To the resulting deep pink-colored reaction mixture,
a methanolic solution (10 mL) of dpyo (0.188 g, 1 mmol) was added

and stirred for 30 min. A pink-colored complex was separated out.
The pink crystals suitable for X-ray analysis were obtained by diffusing
the methanolic solution (10 mL) of dpyo on an aqueous (10 mL) layer
containing Co(NO3)2‚6H2O and ammonium thiocyanate (1:1) in a tube.
The pink-colored crystals were deposited at the junction of two layers
after a few days. Yield: 68%. Anal. Calcd for C32H24CoN8O6S2

(739.64): C, 51.91; H, 3.24; N, 15.14 (%). Found: C, 50.32; H, 3.16;
N, 14.82(%). The infrared spectra exhibited the following absorp-
tions: 2075(vs), 1633(w), 1478(w), 1440(vw), 1205(w), 1183(w), 830-
(s), 678(s), 565(vw) cm-1. Room-temperature magnetic moment: µeff

) 5.04, µB at 300 °C.
Synthesis of { [Co(SCN)2(dpyo)(H2O)2]‚(H2O)} n (2). It was pre-

pared using a diffusion technique. A methanolic solution (10 mL) of a
mixture of dpyo (1.25 mmol, 0.235 g) and AgNO3 (0.25 mmol, 0.042
g) was diffused on an aqueous layer (10 mL) of cobalt nitrate
hexahydrate (0.50 mmol, 0.145 g) and ammonium thiocyanate (1 mmol,
0.076 g) mixture in a tube. Pink crystals suitable for X-ray analysis
were obtained at the junction of the two solutions after a few days.
Yield: 70%. Anal. Calcd for C12H14CoN4O5S2 (417.34): C, 34.50; H,
3.35; N, 13.42(%). Found: C, 35.02; H, 3.42; N, 12.98(%). The infrared
spectra exhibited the following absorptions: 3490-3000(sbr), 2100-
(vs), 2075(vs), 1660(w), 1624(w), 1480(s), 1427(s), 1324(vw), 1205-
(vs), 1186(vs), 829(s), 673(vs), 555(w), 522(vw), 476(vw) cm-1. Room-
temperature magnetic moment (µeff) ) 5.03 µB at 300 °C.

Synthesis of { [Co(SeCN)2(dpyo)(H2O)2]‚(H2O)} n (3). It was syn-
thesized following the procedure adopted for complex 1 using potassium
selenocyanate instead of ammonium thiocyanate (0.287 g, 2 mmol).
The single crystals suitable for X-ray analysis were obtained by
diffusing the methanolic solution (10 mL) of dpyo on an aqueous (10
mL) layer containing Co(NO3)2‚6H2O and potassium selenocyanate (1:
1) in a tube. The deep pink-colored crystals were deposited at the
junction of two layers after a few days. Yield: 72%. Anal. Calcd for
C12H14CoN4O5 Se2 (511.12): C, 28.17; H, 2.73; N, 10.95(%). Found:
C, 27.49; H, 2.61; N, 11.21(%). The infrared spectra exhibited the
following absorptions: 3485-3030(sbr), 2090(vs), 1620(w), 1548(w),
1471(vs), 1425(s), 1325(vw), 1261(vs), 1217(vs), 180(vs), 1026(s), 964-
(w), 833(vs), 700(w), 557(s), 476(w), 428(vw) cm-1. Room-temperature
magnetic moment (µeff) ) 5.00 µB at 300 °C.

Crystallographic Data collection, Structure Solution, and Refine-
ment. Crystal data and details of data collections and refinements for
the complexes are reported in Table 1. Intensity data were collected
using MoKR (λ ) 0.71073 Å) radiation by mounting the crystals of 1
on a Bruker AXS P4 diffractometer equipped with a graphite mono-
chromator, and for complexes 2 and 3 a modified STOE four-circle
diffractometer equipped with a Mar-research Image Plate was used.

Table 1. Crystallographic Data and Details of Refinements of Complexes 1-3

complex 1 2 3

empirical formula C32H24CoN8O6S2 C12 H14CoN4O5S2 C12H14CoN4O5Se2

Fw 739.64 417.34 511.12
crystal system monoclinic triclinic triclinic
space group P21/n P1h P1h
a, Å 6.3084(3) 7.2846(9) 7.3668(8)
b, Å 13.7082(6) 9.820(2) 9.8897(11)
c, Å 18.1822(8) 12.0205(16) 12.0087(13)
R, ° 90 77.731(15) 78.997(9)
â, ° 99.075(2) 80.242(10) 80.858(9)
γ, ° 90 88.515(14) 87.796(9)
volume, Å3 1552.66(12) 828.0(2) 847.88(16)
Z 2 2 2
Dcalcd, g cm-3 1.582 1.674 2.002
µMoKR, (mm-1) 0.748 1.319 5.335
F(000) 758 426 498
reflections collected 63629 5730 6040
unique reflections 7218 4571 4767
Rint 0.025 0.037 0.028
θmax (°) 36.4 30.2 30.1
observed I > 2σ(I) 5958 3095 2783
parameters 223 235 235
goodness of fit (F2) 1.10 1.08 0.88
R1 (I > 2σ(I)) a 0.0319 0.0809 0.0428
wR2 a 0.0902 0.2630 0.1006
∆F (e/Å3) -0.36, 1.10 -0.77, 2.59 -0.91, 1.97

a R1 ) ∑||Fo| - |Fc||/∑|Fo|, wR2 ) [∑w(Fo
2 - Fc

2)2/∑w(Fo
2)2 ]1/2.

1366 Crystal Growth & Design, Vol. 7, No. 7, 2007 Jana et al.



Cell refinement, indexing, and scaling for the data sets were performed
by using XDS,19 Denzo,20 Scalepack,20 and Crystal package21 programs.
All the structures were solved by Patterson methods and subsequent
Difference Fourier synthesis.22 Structures were refined by the full-matrix
least-squares method based on F2.22 Hydrogen atoms positions were
determined using riding atom model. All the calculations were
performed using the WinGX System, Ver 1.70.00,23a PLATON 2003,23b

and ORTEP-32.24

Results and Discussion

Structure Description of Complex 1. The coordination
environment around Co(II) centers has near perfect octahedral
geometry (Figure 1) as the Co(II) atom occupies the center of
symmetry. Co-O and Co-N distances vary within the range
2.05-2.10 Å, which are comparable to that observed in similar
complexes.25 The bond distances and angles are given in Table
2. Four dpyo ligands bind the Co(II) center in trans mode using
one of the lone pairs available at the oxygen atom and form
the equatorial plane of the Co(II) center. The N atoms of two
pendant SCN ligands occupy trans axial positions of the
octahedron. The octahedron is slightly elongated along the axial
direction, which is reflected in the slightly larger Co-N
distances.

X-ray crystal structure reveals that the complex consists of
2D polymeric sheets with rhombic channels (Figure 2). This is
a rare25e dpyo bridged 2D polymer, where using its trans binding
mode dpyo ligands have joined Co(II) centers into a 2D
polymeric sheet. The polymeric sheets are the (101) planes of
the crystal. The rhombic grids have the dimension 12.19 × 12.19

Å. Two angles of the rhombus are 68.42° and 111.58°,
respectively. The long diagonal of the rhombus is 20.164 Å,
and the short diagonal is 13.708 Å.

The stacking of these polymeric sheets along the crystal-
lographic a-axis has been achieved in a very interesting way.
Lattice dpyo molecules arrange themselves in the form of a
supramolecular rod by interacting with each other by π‚‚‚π
interaction (Figure 3, Table S1, Supporting Information) and
pass through the channels. The π‚‚‚π interaction between the
free dpyo ligands forming the molecular rod is quite strong with
a ring centroid distance of 3.55 Å and 0° dihedral angle between

Figure 1. ORTEP diagram (50% ellipsoidal probability) of a part of
the 2D coordination polymer of complex 1 with atom labeling scheme.

Table 2. Selected Bond Lengths (Å) and Angles (°) for Complex 1

Co1-O1 2.1095(7) N1-C1 1.1703(12)
Co1-O11 2.0533(7) S1-C1 1.6418(9)
Co1-N1 2.0967(7)

O1-Co1-O11 89.17(3) Co1-O1-N2 116.12(5)
O1-Co1-N1 87.97(2) Co1-O11-N11 121.13(5)
O11-Co1-N1 91.41(3) Co1-N1-C1 170.04(8)
S1-C1-N1 178.89(9)

Figure 2. Rhombic grids of complex 1 incorporating lattice dpyo
molecules through hydrogen bonding.

W A 3D rotatable image in XYZ format is available.

Figure 3. π-Stacked dpyo molecular rod passes through the channel
in 1 and reinforces stacking of successive 2D layers into 3D. π‚‚‚π
interactions between rod and grid dpyo molecules have not been shown
for clarity.

W A 3D rotatable image in XYZ format is available.
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the ring normal of successive dpyo rings. The support to the
main framework by this molecular rod is through the π‚‚‚π
interaction of this rod with the dpyo rings forming the grid wall
(Table S1, Supporting Information, Figure 3). A single unit of
the rod (a single dpyo molecule positions itself within two grids)
piercing through the channel interacts with the grid wall of two
adjacent polymeric sheets. C-H‚‚‚O weak hydrogen bonding
(Table S2, Supporting Information) between the grid wall
pyridine CH group and two terminal O atoms of the channel
dpyo ligands reinforces the contact between adjacent layers.
Another C-H‚‚‚S (C25-H25‚‚‚S1) contact between the CH
group of channel dpyo and S atoms of the pendant SCNj ligands
also assists in this packing.16 The interplanar spacing of 6.308
Å between adjacent polymeric sheets is the result of cooperative
interaction of all these weak interactions working in unison.
The π‚‚‚π interaction results in the rhombic shape of individual
grids and induces strain in the grid dpyo molecules, which has
a dihedral angle of 8.62(9)° between its pyridine ring planes.
The free dpyo ligands are strain-free with the dihedral angle
between the ring planes being 0°. The stacking of the polymeric
grids is thus achieved through the π‚‚‚π interaction with the
molecular rods passing through its channels, and supramolecular
assembly in this mode is novel to the best of our knowledge.

Structure Description of Complexes 2 and 3. X-ray
structural analysis of complex 2 reveals 1D polymers comprising
of two dpyo, two thiocyanate anions, and two water molecules
around the Co(II) coordination sphere (Figure 4). Two trans N
atoms of two thiocyanates and two trans oxygen atoms of two
dpyo form the equatorial plane of the octahedron. Two water
molecules occupy trans axial positions. The Co(II) coordination
sphere is a slightly distorted octahedron. The coordination bond
(Co-O) distances for the dpyo ligands are comparable with
those described in the literature (Table 3).25 The Co-O-N bond
angles are 115.8(3)° (for Co1-O11-N12) and 115.9(3)° (for
Co1-O21-N22). The polymeric chain thus formed is a zigzag
one, but all the Co(II) centers align in a line. The line joining

the metal centers bisects dpyo molecules symmetrically. Thus,
the polymeric chains are aligned along the crystallographic
c-axis. Two sets of these chains self-assemble into a 2D sheet
in the ac plane. The sheet is doubly layered (Figure 5). In this
novel assembly of Co(II) with dpyo ligands, trans axial water
molecules forming the inner side of the bilayer interlock two
adjacent polymeric chains through R2

2(8) hydrogen bonding
(Table S3, Supporting Information) with the dpyo oxygen. To
facilitate this hydrogen bonding, one set of chains positions them
slightly above the equatorial plane of the other set. Stacking of
the 2D layers along the crystallographic b-axis is shown in
Figure 6. This stacking is facilitated by lattice water molecules,
which by hydrogen bonding with coordinated water act as a
“Y”-type connector between successive layers. Within each layer

Figure 4. ORTEP diagram (50% ellipsoidal probability) of complex
2 with atom labeling scheme.

Table 3. Selected Bond Lengths (Å) and Angles (°) for Complexes
2 and 3

Complex 2
Co1-O11 2.115(5) Co1-O100 2.101(5)
Co1-O21 2.111(5) Co1-O200 2.142(5)
Co1-N1 2.067(6) Co1-N3 2.056(6)
O11-Co1-O21 176.5(2) Co1-O11-N12 115.8(3)
O100-Co1-O200 178.5(2) Co1-O21-N22 115.9(3)
N1-Co1-N3 174.4(2) Co1-N1-C1 163.7(6)
S1-C1-N1 178.2(6) Co1-N3-C3 165.7(6)
S3-C3-N3 178.1(7)

Complex 3
Co3-O1 2.117(3) Co3-O101 2.153(3)
Co3-O72 2.112(3) Co3-N41 2.050(4)
Co3-O100 2.091(3) Co3-N51 2.058(4)
O1-Co3-O72 176.86(12) O100-Co3-N51 87.31(15)
O100-Co3-O101 178.76(13) O101-Co3-N41 93.20(13)
O100-Co3-N41 87.35(13) O101-Co3-N51 92.15(14)
Co3-O1-N2 114.7(2) Co3-N41-C42 164.3(3)
Co3-O72-N71 115.3(2) Co3-N51-C52 164.1(4)
Se43-C42-N41 177.0(4) Se53-C52-N51 177.3(4)

Figure 5. Hydrogen-bonded bilayer architecture of the complex in
the ac plane (pseudo halides have been omitted for clarity).

W A 3D rotatable image in XYZ format is available.

Figure 6. Interlayer water molecules linking supramolecular bilayers
along the crystallographic b-axis leading to a 3D super assembly in
the complex (pseudohalides have been omitted for clarity).

W A 3D rotatable image in XYZ format is available.
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adjacent chains interact via interchain S‚‚‚S interaction (distance
3.655(3) Å, which is lower than the sum of the van der Waals
radii (4.06 Å) of S atoms26) and S‚‚‚π interaction (Table S4,
Supporting Information, Figure 12). The intra dpyo ring plane
twist in the complex is 0.8(3)°.

Complex 3 is isomorphous to complex 2. SeCNj in 3 plays
an analogous role of SCNj in 2 and binds the Co(II) center
(Figure 7) through an N atom. The Co-O bond distances in
this case range from 2.091(3) to 2.117(3) Å (Table 3). Co-
O‚‚‚N bond angles are 114.7(2) and 115.3(2)°. The interchain
Se-Se distance in this case is 3.4960(8) Å and is very much
less than the sum of the van der Waals radii (4.30 Å) of Se
atoms,26 indicating strong Se‚‚‚Se interaction. There is also an
interchain Se‚‚‚π interaction (Table S5, Supporting Information).
The intra dpyo ring plane twist angle is 5.6(2)°. The crystal
packing is similar to complex 2 leading to bilayers stitched by
lattice water molecules.

Structural Aspects and Supramolecular Assembly in
Complexes 4 and 5. The X-ray structures were reported by
us.1 The additional structural features not reported earlier is the
helical nature of the polymeric chains (Figure 8). The pitch
values of the helices are 24.27(3) and 24.0226(10) Å, respec-
tively. The successive coordination sphere is rotated by 180°
along helical chains, and the chains are aligned along the
crystallographic c-axis. Side by side alignment of these chains
are determined by the R2

2(8) hydrogen-bonding synthon,27

generated through the coordinated water molecule of one chain
and O atoms of dpyo molecules of the adjacent chain. Two sets
of this R2

2(8) hydrogen-bonding synthons are operative, one
along the a-axis and the other along the b-axis, which is
responsible for respective supramolecular sheets in the ac and
bc planes. The interesting feature in the packing is that when
one considers the ac plane, adjacent helical chains are all
identical (Figure 9) but in the bc plane adjacent helical chains
are racemic (Figure 10) to each other. As a result, the topologies
of these sheets are quite different: one has rectangular hydrogen-
bonded networks, but the other has a brick wall topology with
sausage-shaped bricks. The brick wall topology has arisen
exclusively due to (i) the helical nature of the polymeric chains
and (ii) side by side alignment of oppositely running helices,

which form successive supramolecular contacts at their nearest
points, which are a half screw pitch away from each other. A
deeper search for the reason behind the helical nature of the
chains in 4 and 5 reveals that it is the result of relatively weaker
forces, namely, S‚‚‚S and S‚‚‚π28 interactions (Table S4,
Supporting Information). These forces are responsible for the
helical nature of these coordination polymers. The intrachain
S‚‚‚S distance in complex 4 is 3.541(3) Å, and in 5 it is 3.605-
(1) Å, which are well within the sum of van der Waals radii of
S atoms, which is 4.06 Å.26 Although these interactions are
assumed to be relatively weaker, here they have become
competitive enough to influence the overall chain topology. In
its presence, successive metal coordination environments along
a chain are tilted inward and outward alternately and result in
the helical nature of the chain. The M-O-N angles at
successive metal centers are 119.1(3)° and 124.0(3)° for complex
4, whereas they are 118.5 (1)° and 122.9(1)° for complex 5.
There are approximately 4.9° and 4.4° differences in successive
M-O-N bond angles in complexes 4 and 5, respectively. There
is also an intra-dpyo ring plane twist of 3.1(3)° and 6.8(1)° in
complexes 4 and 5, respectively. This can be attributed to the
cooperative operation of S‚‚‚S and S‚‚‚π interactions, resulting
into the helical nature of the chain.

Thermal Analysis. Complex 1 is thermally stable up to
300 °C, and on further heating it collapses. Thermogravimetric
analysis of complex 2 reveals that it is stable up to 50 °C, and
on further heating it loses one lattice and two coordinated water
molecules in single step (weight loss, observed: 13.22, calcu-
lated: 12.94%) yielding as blue species 2a, which is stable up
to 250 °C, but collapses beyond this temperature. Complex 3
upon heating shows no mass change up to 75 °C, and on further
heating it loses water molecules in two steps. The first step (75-
110 °C) corresponds to the loss of one lattice water molecule
(weight loss, observed: 4.12, calculated: 3.52%) yielding the
intermediate species [Co(SeCN)2(dpyo)(H2O)2] (3a). The species

Figure 7. ORTEP diagram (50% ellipsoidal probability) of complex
3 with atom labeling scheme.

Figure 8. Helical 1D coordination polymers for complex 4 (i) and
complex 5 (ii) running along the crystallographic c-axis. Figure 9. R2

2(8) synthon involving coordinated water and dpyo O
atom assembles the 2D sheet (ac plane) of helices with the same
chirality in complex 4 (pseudohalides have been omitted for clarity).
Complex 5 has a similar architecture with one of the coordinated water’s
role played by coordinated methanol.

W A 3D rotatable image in XYZ format is available.
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3a is stable up to 245 °C and on further heating starts to lose
two coordinated water molecules and becomes deaquated
(weight loss, observed: 7.35, calculated: 7.04%) at 280 °C.
The species collapses immediately as soon as dehydration is
completed.

Comparative Structural Features of Complexes 2-5.
Overall 3D supramolecular assembly of the polymeric chains
in complexes 2-5 is primarily determined by hydrogen bonding
interactions between adjacent chains through the formation of
a R2

2(8) H-bonding synthon between coordinated water and
dpyo oxygen atoms. A literature survey12,25a,d reveals that this
synthon is also responsible for the supramolecular assembly of
similar 1D polymeric chains involving dpyo ligands.

In complexes 2 and 3, R2
2(8) H-bonding synthon mediated

assembly of chains lead to the formation of bilayer topology.
The monolayers of the bilayer are interlocked with each other
at the midpoint through hydrogen bonding between coordination
water and dpyo O atoms. On either side of the bilayer, remaining
coordinated waters form hydrogen bonds with lattice water
molecules. These lattice water molecules function as “Y”-shaped
connectors between adjacent bilayers and stack them along the
crystallographic b direction.

In complexes 4 and 5 a similar R2
2(8) H-bonding synthon

propagates the assembly in two perpendicular directions, which
are perpendicular to the chain direction. As a result 2D
H-bonded sheets both in the ac and bc planes could be
visualized. The interesting point to be noted is that the
architecture in the ac plane is a rectangular grid, whereas that
in the bc plane it has a brick wall topology. Brick wall topology
is the result of the helical nature of the polymeric chains, in

which adjacent helices are racemic and establish hydrogen-
bonding contacts wherever they come closer to each other.
Rectangular grid topology in the ac plane is due to the assembly
of helices with similar handedness. To the best of our know-
ledge, helical coordination polymers of dpyo ligands have not
been observed earlier together with its consequent brick wall
topology.

A closer look into the structures reveals that the architectural
variation into brick wall and bilayer topology is the result of
the influence of comparatively weaker forces in the hierarchy,
namely, the S‚‚‚S/Se‚‚‚Se and S‚‚‚π/Se‚‚‚π interactions. In
complexes 4 and 5, S‚‚‚S interaction is intrachain (Figure 12),
whereas S‚‚‚S and Se‚‚‚Se interactions are interchain in
complexes 2 and 3 (Figure 11), respectively. Intrachain S‚‚‚S
contacts in 4 and 5 tilt adjacent coordination spheres by slightly
perturbing them and must be responsible for the formation of
coordination helix. In complexes 2 and 3, as this force is
interchain and directs away from the chain axis, adjacent metal
coordination environments are identical, having a center of
symmetry at the middle of the bridging dpyo molecule resulting
a zigzag chain instead of a helix. The resultant architectural
variation of the supramolecular assembly is the outcome of this
basic difference of the dpyo bridged polymeric chains. Relatively
less known S‚‚‚π and Se‚‚‚π interactions are well established
for their relevance in biological processes such as protein
folding.28a,b Favorable distances for these interactions in com-
plexes 2-5 hint that in inorganic environments they also can

Figure 10. R2
2(8) synthon involving coordinated water and dpyo O

atom assembles the 2D sheet (bc plane) of alternate racimate helices
in complex 5. Complex 4 has exactly identical architecture with ligated
methanol replaced by coordinated water.

W A 3D rotatable image in XYZ format is available.

Figure 11. Structure-directing role of intrachain S‚‚‚S and interchain
S‚‚‚π interactions in complexes 4 and 5.

W A 3D rotatable image in XYZ format is available.

Figure 12. Interchain S‚‚‚S/Se‚‚‚Se and S‚‚‚π/Se‚‚‚π interactions
operating within a monolayer of the bilayer sheet for complexes 2 and
3.

W A 3D rotatable image in XYZ format is available.
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be influential. In complexes 4 and 5, a linear and angular
sandwiched S‚‚‚π pattern is observed (Figure 11), but in
complexes 2 and 3 a symmetric S‚‚‚π pattern is observed (Figure
12).

To investigate the abundances of SCNj and SeCNj com-
plexes in which SCNj or SeCNj take part in S‚‚‚S/Se‚‚‚Se or
S‚‚‚π/Se‚‚‚π interactions, a Cambridge Structural Database
(CSD) search was carried out with the help of ConQuest
program (version 1.8) on the November 2005 release of the
CSD version 5.27. A search on organometallic compounds
having an R-factor less than 10% and a query for S‚‚‚S non-
bonded interaction between two SCNj fragments with S‚‚‚S
distance constrained to be less than 4.0 Å (slightly smaller than
the sum of the van der Waals radii, which is 4.06 Å for S and
4.30 Å for Se)26 resulted in 809 hits. A similar search for
Se‚‚‚Se interactions resulted in 23 hits. A search for S‚‚‚π and
Se‚‚‚π interactions involving SCNj and SeCNj with a pyridine
ring having no side group with a distance constraint of less
than 4 Å between SCNj/SeCNj and a pyridine ring centroid
resulted in 249 and 17 hits, respectively. Similar searches for
SCNj and SeCNj with a phenyl ring having no side group
resulted in 385 and 13 hits, respectively. These results indicate
that S‚‚‚S/Se‚‚‚Se and S‚‚‚π /Se‚‚‚π interactions involving SCNj
and SeCNj is abundant for metal-organic complexes. A
relatively fewer number of hits for Se‚‚‚Se and Se‚‚‚π interac-
tions is most probably due to fewer numbers of SeCNj bearing
complexes in the CSD. The above search results indicate the
existence of these interactions in metal-organic complexes. A
correct analysis of the true nature of these interactions needs
careful study of the interaction geometries in each individual
complex together with quantum chemical calculations on
systems involving SCNj and SeCNj. Theoretical investigations
of these interactions have been carried out recently28c for model
systems, but further work is needed for complete understanding.
A combined database and theoretical study on these systems is
currently in progress and will be reported in the future.

Conclusion

In summary, three Co(II) and one each of Fe(II) and Mn(II)
complexes with dpyo and SCNj/SeCNj have been synthesized
and characterized by X-ray crystallography. To the best of our
knowledge, complex 1 is the second example of a 2D grid
network of dpyo molecules. The novelty in the supramolecular
assembly of the complex is the support by the π-stacked
molecular rods for 3D stacking of the polymeric sheets passing
through channels.

Structural variation in complexes 2-5 has been analyzed,
which reveals that although the same R2

2(8) hydrogen-bonding
synthon drives the assembly of these chains the helical nature
gives rise to brick wall topology, and the centrosymmetric
zigzag nature of the chains is responsible for the bilayer
architecture. In the assembly of these complexes, a coordinative
force plays the role of forming 1D chains and comparatively
weaker O-H‚‚‚O hydrogen bonding forces assemble these
chains into sheets. Weakest S‚‚‚S/Se‚‚‚Se and S‚‚‚π/Se‚‚‚π
forces also subtly influence the overall assembly by tuning the
chains into helices in complexes 2 and 3 and by nullifying each
other in complexes 4 and 5, operating symmetrically in opposite
directions leading to a zigzag nature of the chains in these
complexes. To conclude, weakest of interactions such as S‚‚‚S
and S‚‚‚π should be carefully analyzed. Surprising roles played
by such forces could be uncovered. CSD analysis also cor-
roborates this.

Supporting Information Available: X-ray crystallographic data,
in CIF format, and other crystallographic information are available free
of charge via the Internet at http://pubs.acs.org.
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