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A novel coordination polymer, [(NA)(ONA) Mn(II)]n (HNA
= nicotinic acid; H2ONA = 2-hydroxynicotinic acid) has been
hydrothermally synthesized. Its structure is constructed by
mixed-ligands and chains of hexa-coordinated Mn(II) linkers:
ONA groups bridge Mn ions to give the right-handed and
left-handed helical [(ONA)Mn]n chains running along (010).
The helical chains are further held together by NA groups to
form a novel 3-D framework.

Extended networks built up from organic ligand(s) and met-
al linker(s) attracted considerable interest, because of their intri-
guing supramolecular structures and potential applications for
energy storage and optical materials etc.1–3 One of the strategies
for constructing novel architectures of coordination polymers is
to bridge metal ions by carboxylato ligands.2 Generally, the syn-
theses of carboxylato–metal coordination polymers could be af-
fected by two factors of carboxylato ligand: stereochemistry and
reactivity. From the viewpoint of crystal engineering, the former
may be helpful for adjusting microstructures of frameworks,
such as carboxylato ligands with diversified relative positions
of carboxyl resulting in frameworks with various channels or di-
mensionalities;2 While the latter is more related to coordination
selectivity between carboxylato ligand and metal, which could
lead to different coordination model, coordination number and
polyhedra connectivity.3 Besides these two main factors, the or-
ganic reaction during crystallization, namely in situ ligand syn-
thesis is observed dramatically and this is helpful for building
novel crystal structures.2,3 Additionally, redox reactions between
transition metal atoms with high oxidation state and organic
additives often occurred under hydrothermal conditions.4

In the present research of the hydrothermal system of 2,3-
pyridinedicarboxylic acid (pdc), 1,10-phenanthroline (phen),
with MnO2, by using the redox reaction between transition metal
and organic species, as well as the decarboxylation and substitu-
tion reactions of pdc, a novel 3-D framework coordinate polymer
[(NA)(ONA)Mn(II)]n (HNA = nicotinic acid; H2ONA = 2-hy-
droxynicotinic acid) was successfully prepared. To our knowl-
edge, there is no reported example of coordination polymer in-
volved in two aromatic ligands, which are from in situ synthesis
yet. Here, we report this first manganiferous coordination poly-
mer built up from mixed aromatic ligands originating from in
situ ligand synthesis.

All chemicals used in the syntheses are of reagent grade and
used as purchased without further purification. A mixture of
MnO2 (0.071 g, 0.793mmol), 1,10-phenanthroline (0.353 g,
2.12mmol), 2,3-pyridinedicarboxylic acid (0.562 g, 3.36mmol)
and H2O (1.5mL, 83.3mmol) was hydrothermally treated at
140 �C for 72 h. The resulting yellow single crystals were recov-
ered by filtration, washed with copious distilled water, and dried

in ambient condition.5 The yield was 56%, based on Mn.
A single crystal of the title compound with dimension of

0:70� 0:55� 0:38mm was examined by X-ray crystallogra-
phy.5 The structure of the compound is made up of infinite
1-D chain of [(ONA)Mn]n and NA bridges.6 The asymmetric
unit is shown in Figure 1. Interestingly, the 1-D chains are chiral.
Figure 2a indicates the right-handed and left-handed helical
chains running along [010] direction, respectively. The chirality
can be clearly shown by the -Mn(1)–O(1)–C(2)–O(6)- bold
bonds. Projection along the b axis (Figure 2b) shows that the hel-
ical chains with the same chirality are located within the ab lay-
ers. One NA ligand bridges three nearest helical chains located
within, above and below an ab layer. Thus a 3-D framework
of the title compound is formed.

Notably, the ligands of the final compound namely 2-hy-
droxynicotinic acid and nicotinic acid are organic reaction prod-
ucts from the starting material pdc. Similar decarboxylation re-
action of pdc has been reported previously.3c According to Gil-
lard and Hall that the 2- (or 4-) position of pyridine becomes po-
larized upon coordination to metal ions and so chemically
active,7 thus ONA may be the product of nucleophilic substitu-
tion reaction between NA and OH�, like the case found in the
hydroxylation of isophthalic acid.8 However, we cannot exclude
the probability that ONA is directly generated from pdc with for-
mic acid as a leaving group. Additionally, redox reaction be-
tween Mn(IV) and organic species including formic acid occur
simultaneously, which may facilitate the hydroxylation reaction.
Bond valence sum (BVS) calculations of the title complex con-
sist with the oxidation state of +2 for all the Mn atoms. Howev-
er, because hydrothermal reaction system is rather complicated,
we cannot give a more definite mechanism at present time.

The Mn–O/N distances ranging from 2.1307(14) to
2.3562(17) �A and the O/N–Mn–O/N bond angles within the
range of 80.86(6)–173.29(6)�(indicate that Mn is located in a
distorted octahedron. All O atoms of NA and ONA are involved

Figure 1. Stick-and-ball representation of the asymmetric unit
of the title compound with atoms labeled.
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in the coordinate with Mn. Interestingly, N of ONA (N(1)) and
NA (N(2)) are dangling and coordinating atom, respectively.
Thus NA and ONA serving as tridentate ligands result in a
six-memebered ring in the structure.

Magnetic susceptibility measurement indicated that the
compound is paramagnetic and displays Curie–Weiss behavior
in higher temperature range, having Curie constant of C ¼
4:59 emuK�1 mol�1 and a Weiss constant of � ¼ �13:8K,
which corresponds to the effective magnetic moments of �eff ¼
6:06BM, and is consistent with the value expected for a system
consisting of isolated high-spin Mn2þ, �cal ¼ 5:92BM.

In summary, based on the in situ ligand synthesis and com-
plicated hydrothermal redox reaction between Mn(IV) and or-
ganic species, a novel 3-D framework manganiferous coordinate
polymer [(NA)(ONA)Mn(II)]n has been obtained. The chiral
chains of hexa-coordinated Mn(II) linkers formed in the struc-
ture made the compound a possible candidate for chiral catalysis
and separation.
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Figure 2. (a) Helical chain of [(ONA)Mn]n with alternating
chiralities (left or right) viewed along b axis (clear view of the
chiral linkages of carboxylic groups and Mn atoms Mn(1)–
O(1)–C(6)–O(2) are shown by thick bonds); (b) 3-D framework
structure of the complex showing the [(ONA)Mn]n chains bridg-
ed via NA groups.
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