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The title compound was obtained by reaction of MnCl2 · 4H2O, NH3·H2O, 4,4′-bipyridine, and
2,2′-dithio-bis(benzoic acid) (H2-DTBB) in aqueous solution. It was characterized by single crystal
X-ray crystallography, elemental analysis and IR spectroscopy. The compound is composed of one
[Mn(bipy)2(H2O)4]2+ cation and two H-TDBB1− anions, where Mn2+ adopts an octahedral geom-
etry and is coordinated by four water oxygen atoms and two N atoms of 4,4′-bipyridine ligands. The
[Mn(bipy)2(H2O)4]2+ cations are linked into one-dimensional chains by O–H· · ·N hydrogen bonds.
These cationic chains are further organized into a two-dimensional network with the H-TDBB1− an-
ions through hydrogen bonds.
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Introduction

Rational design and synthesis of metal coordination
polymers have been attracting chemists’ interest and
constitute an important area in crystal engineering [1 –
3]. The structure and properties of coordination poly-
mers can be controlled by choosing appropriate bridg-
ing ligands and metal ions with rigid 4,4′-bipyridine
ligands used most frequently [2]. 4,4′-Bipyridine or a
combination with other ligands can be used for the con-
struction of intriguing supramolecular architectures by
means of covalent coordination and hydrogen bonds to
give one-dimensional structures [4 – 6] including lin-
ear, zigzag and helical chains, and higher-dimensional
coordination polymers [7 – 16] including diverse grids
and larger networks.

In the above mentioned references, 4,4′-bipyridine
usually acts as a non-chelating bidentate ligand in
metal coordination polymers because the two 4,4′-
bipyridine nitrogen atoms have the same coordination
ability. In contrast, 4,4′-bipyridine acting as monoden-
tate ligand in metal coordination polymers has been re-
ported in only few cases [17 – 21].

Herein we present a compound [Mn(bipy)2(H2O)4]
[HOOCC6H4SSC6H4COO]2, in which 4,4′-bipyridine
is acting as a bridging bidentate ligand coordinated to
Mn(II). It forms a two-dimensional array through hy-
drogen bonds.
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Experimental Section
General

All chemicals were of reagent grade as received from
commercial sources and used without further purification.
C, H, N elemental analysis was performed on a Perkin-
Elmer 240C elemental analyzer. The infrared spectrum was
recorded on KBr pellets with a Nicolet 170SXFT-IR spec-
trometer in the range of 400 – 4000 cm−1. Because the
Mn atom occupies a crystallographic centre of inversion (see
below) we carried out quantum chemical calculations on half
the unit of the title compound with HF methods at the Lan2dz
level using the GAUSSIAN 03 program [22]. All quantum
chemical calculations have been done on a Pentium IV pro-
cessor which was also used for the crystal structure determi-
nation calculations.

Synthesis

2,2′-Dithio-bis(benzoic acid) (0.167 mmol, 0.051 g) was
dissolved in aqueous ammonia (13 mol ·L−1, 0.5 mL) and
diluted with water (20 mL). MnCl2·4H2O (0.167 mmol,
0.033 g) was added slowly and the mixture was added to
an ethanol solution (5 mL) of 4,4′-bipyridine (0.167 mmol,
0.026 g) dropwise. The resulting solution was heated
for 15 min at 100 ◦C, filtered, and kept for crystallization. Af-
ter four days, yellow-brown crystals suitable for single crys-
tal X-ray diffraction were obtained.

Elemental analysis: calcd. C 54.90, H 4.03, N 5.34; found
C 54.39, H 3.78, N 4.93. – IR: ν = 3395.38(m), 1667.74(s),
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Fig. 1. Molecular structure of the title
compound (unlabelled atoms are related
to labeled atoms by the symmetry trans-
formation −x + 2, −y + 1, −z + 1).

Table 1. Crystallographic data for the title compound.
Molecular formula C48H42MnN4O12S4

Mr 1050.04
Cryst. size, mm3 0.30×0.16×0.16
Crystal system triclinic
Space group P 1̄
a, Å 7.7416(15)
b, Å 11.124(2)
c, Å 14.135(3)
α, deg 70.434(2)
β, deg 87.976(3)
γ, deg 80.145(2)
V , Å3 1129.7(4)
Z 1
Dcalcd, g cm−3 1.543
µ(MoKα), cm−1 5.48
F (000), e 543
hkl Range −9 ≤ h ≤ 9, −9 ≤ k ≤ −13,

13 ≤ l ≤ 17
Θ Range for data collection, deg 1.97 – 26.00
Refl. measured/unique 6206/4345
Rint 0.0169
Param. refined 333
R1/wR2 [I ≥ 2σ(I)]a 0.0392/0.0995
R1/wR2 [all reflexions]a 0.0504/0.1051
GoF (F 2) 1.052
∆ρfin (max/min), e Å−3 0.284/–0.207
a R = Σ||Fo| − |Fc||/Σ|Fo|, wR = {Σ[w(Fo

2 −
Fc

2)2]/Σ[w(Fo
2)2]}1/2, w = 1/[σ2(Fo

2) + (0.0566P )2 +
(0.1394P )], P = (Fo

2 + 2Fc2)/3.

1600.53(m), 1589.23(m), 1569.57(s), 1538.14(s),
1461.33(w), 1410.98(m), 1364.25(s), 1233.96(s),
1146.52(m), 1055.46(m), 1036.96(m), 806.11(s), 740.84(s),
692.37(m), 648.65(m), 642.62(m), 545.34(m) cm−1.

X-Ray crystallographic study

The data collection was made on a Bruker SMART
APEX CCD area-detector diffractometer using graphite-

Table 2. Selected bond lengths (Å) and angles (deg) of the
title compounda .

Mn(1)–O(5) 2.152(2) Mn(1)–O(5)#1 2.152(2)
Mn(1)–O(6)#1 2.205(2) Mn(1)–O(6) 2.205(2)
Mn(1)–N(1) 2.252(2) Mn(1)–N(1)#1 2.252(2)
S(1)–C(8) 1.796(2) S(1)–S(2) 2.060(1)
S(2)–C(2) 1.789(2) O(1)–C(13) 1.314(3)
O(2)–C(13) 1.211(3) O(3)–C(14) 1.239(3)
O(4)–C(14) 1.266(2) C(1)–C(6) 1.392(3)
C(1)–C(2) 1.410(3) C(1)–C(13) 1.483(3)
C(2)–C(3) 1.391(3) C(3)–C(4) 1.383(3)
C(4)–C(5) 1.378(3) C(5)–C(6) 1.371(4)
C(7)–C(12) 1.391(3) C(7)–C(8) 1.406(3)
C(7)–C(14) 1.511(3) C(8)–C(9) 1.388(3)
C(9)–C(10) 1.377(3) C(10)–C(11) 1.372(3)
C(11)–C(12) 1.369(3)

O(5)–Mn(1)–O(5)#1 180.0 O(5)–Mn(1)–O(6)#1 91.9(1)
O(5)#1–Mn(1)–O(6)#1 88.1(1) O(6)#1–Mn(1)–O(6) 180.0(1)
O(6)#1–Mn(1)–N(1) 91.5(1) O(5)–Mn(1)–N(1) 90.0(1)
O(6)–Mn(1)–N(1) 88.5(1) O(5)#1–Mn(1)–N(1) 89.95(6)
N(1)–Mn(1)–N(1)#1 180.0 O(6)–Mn(1)–N(1)#1 91.5(1)
a Symmetry transformation used to generate equivalent atoms:
#1 −x + 2, −y + 1, −z + 1.

monochromated MoKα diffraction (λ = 0.71073 Å)
at 298(2) K. The intensities were corrected for Lorentz
and polarization effects and empirically for absorption. The
structure was solved by Direct Methods and refined by
full-matrix least-squares techniques on F 2 using SHELXL-
97 [23]. All non-hydrogen atoms were refined anisotropi-
cally. H atoms bound to carboxyl groups were located from
the difference map. All remaining H atoms were positioned
geometrically.

Crystallographic data are listed in Table 1. Selected bond
lengths and angles are given in Table 2.

CCDC (654248) contains the supplementary crys-
tallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crys-
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Fig. 2. Necklace structure of the
one-dimensional chain of the cations
{[Mn(bipy)2(H2O)4]2+}n.

tallographic Data Centre via www.ccdc.cam.ac.uk/data
request/cif.

Results and Discussion
Crystal and molecular structure

The title complex consists of [Mn(bipy)2(H2O)4]2+

cations and isolated H-TDBB1− anions (Fig. 1).
In the [Mn(bipy)2(H2O)4]2+ cation, Mn2+ lies on
a crystallographic centre of inversion and is in a
slightly distorted octahedral geometry coordinated by
four water oxygen atoms in the equatorial plane
and two nitrogen atoms of different 4,4-bipyridine
ligands in the axial positions. Mn2+ and the four
aqua oxygen atoms have Mn–O distances 2.152(1)
and 2.205(1) Å. The Mn(1)–N bond length and the
N(1)–Mn(1)–N(1)#1 angle are 2.252(1) Å and 180.0◦,
respectively, with an angle of 88.5◦ to the equa-
torial plane. These results are similar to those for
[Mn(4,4′-bipy)2(H2O)4](Hsb)2 [17] and [Mn(4,4′-
bipy)2(H2O)4](sb)(4H2O) [17]. The two pyridyl rings
of 4,4′-bipyridine are slightly staggered with a di-
hedral angle of 11.8◦. The H-TDBB− anion acts
a counterion with a dihedral angle of 73.6◦ be-
tween its two phenyl rings. [Mn(bipy)2(H2O)4]2+

cations are linked through O(water)–H· · ·N hydro-
gen bonds into a necklace structure (Fig. 2). In ad-
dition, H-TDBB1− anions also form an infinite one-
dimensional chain by O(carboxyl)–H· · ·N hydrogen
bonds. These chains are finally organized into a two-
dimensional network by O(water)–H· · ·N hydrogen
bonds.

Theoretical calculations
Stability

The total energy of the title compound (the com-
bination of the chains of cations and anions) is
−1600.99024143 a. u., while the energy of the HOMO
is −0.23844 a. u. and the energy of the lowest
LUMO is −0.02680 a. u. The HOMO-LUMO gap is
0.21164 a. u. The large absolute value of the energy

Fig. 3. Representations of the HOMO/LUMO’s of the title
compound.

gap indicates that the title compound has high stabil-
ity.

Frontier molecular orbital composition

In order to study the structure and bonding char-
acteristics, frontier molecular orbital populations have
been analyzed. The atomic orbital composition in
the frontier molecular orbitals were expressed as the
atomic orbital coefficient square sum in the type of
atomic orbitals and corrected by normalizing the spe-
cific molecular orbital [24]. The stereographs of se-
lected frontier molecular orbitals of the title compound
are shown in Fig. 3.

The orbital composition investigation indicates:
First, the components of the HOMO come mainly from
orbitals of four carboxyl oxygen atoms (61.7 %), the
two sulfur atoms (14.5 %) and twelve carbon atoms
of the H-DTBB1− anion (23.3 %). The results sug-
gest that the carboxyl oxygen atoms are the active sites
and can react with metal centers or hydrogen-bond
donors [25]. Second, the components of the LUMO
come mainly from Mn(II) (65.7 %), coordinated nitro-
gen atoms (4.71 %) and ten carbon atoms (23.8 %) of
the 4,4′-bipyridine ligand. These results are reflected
by Fig. 3. In addition, these results show that Mn(II)
has a stronger electron-accepting ability with coordi-
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nated N atoms and water oxygen atoms having little
contribution to the five occupied frontier molecular or-
bitals. The strength of the Mn–N and Mn–O bonds ap-
pears to be relative weak in agreement with their longer
bond lengths (Table 2).
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