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Abstract
C14H14BaN12O15, monoclinic, C2/c (no. 15), a = 21.787(4) Å,
b = 6.7594(11) Å, c = 18.143(3) Å, β = 102.456(2)°,
V = 2609.0(8) Å3, Z = 4, Rgt(F ) = 0.0209, wRref(F

2) = 0.0567,
T = 296(2) K.

CCDC no.: 2038892

Apart of the polymeric title crystal structure is shown in the
Figure (#1 =−x, y, 0.5−z; #2 =−x,−y, 1−z, #3 = x,−y,−0.5+z).
Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

Source of material

All chemicals were of AR grade and were used without purifi-
cation. A mixture of BaCl2⋅2H2O (0.03 mmol), H3tmidc

systematic name: 2-(1H-tetrazol-1-yl)-1H-imidazole-4,5-dicar-
boxylic acid; (0.03 mmol), methanol (2 mL) and distilled water
(2 mL) was sealed in a 25 mL Teflon lined stainless steel
container and heated at 393 K for 72 h. After the mixture had
been allowed to cool to room temperature at a rate of 5 K h−1,
light yellowcrystals of {[Ba(H2tmidc)2(H2O)3]⋅4H2O}n suitable for
X-ray analysis were obtained (yield 46.6%, based on H3tmidc).

Experimental details

Hydrogen atoms on carbon atoms were positioned
geometrically and refined as riding atoms, with C–H = 0.97
(CH2) or 0.93 Å (aromatic). Hydrogen atoms of the non-
deprotonated carboxylic acid groups of H2tmidc− were

Table : Data collection and handling.

Crystal: Yellow block
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Bruker D VENTURE PHOTON,φ andω
θmax, completeness: .°, > %
N(hkl)measured, N(hkl)unique,
Rint:

, , .

Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: SHELX [], Bruker [, ]
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refined as riding atoms, with O–H = 0.82 Å. Hydrogen
atoms on nitrogen atoms and hydrogen atoms of the water
molecules were located in a difference Fourier map and the
N–H and O–H distances were constrained to 0.9 and
0.85 Å, respectively. Hydrogen atoms were refined with
Uiso(H) = 1.2 Ueq(C, N) or 1.5 Ueq(O).

Comment

It is well known that imidazole, tetrazole and their de-
rivatives have been widely used as excellent building
blocks for the preparation of complexes since they coor-
dinate with most of metal ions with diverse coordination
modes [4–10]. The N-heterocyclic carboxylic acid, 2-(1H-
tetrazol-1-methyl)-1H-imidazole-4,5-dicarboxylic acid and
the deprotonated anions are excellent ligands as there are

potential N-donors andO-donors. Researchers have reported
two transition metal complexes based on H3tmidc and
investigated their crystal structures and biological activities
[11, 12]. In order to further enrich the number of complexes
based on this ligand, we selected H3tmidc as ligand to react
with BaCl2⋅2H2O and obtained a new complex {[Ba(H2tmid-
c)2(H2O)3]⋅4H2O}n.

There is one half Ba(II) ion, one H2tmidc− anion ligand,
one and a half coordinatedwatermolecules and two solvent
water molecules in each asymmetric unit. The Ba1 ion is
nine-coordinated by two N atoms from two H2tmidc− anions
and seven O atoms from four H2tmidc− anions and three
watermolecules leading to a distorted BaN2O7 environment.
The Ba–N bond length is 2.9541(14) Å, while the Ba–O dis-
tances span from 2.675(3) to 2.8669(14) Å, all of which are
comparable to those observed for the other Ba(II) complexes
based on N-heterocyclic carboxylic acids [13, 14]. Ba(II) ions
are linked by H2tmidc− anion ligands into one-dimensional
chains that run along the c axis. The intrachain Ba1–Ba1#2
distance is 9.0825(15) Å. There are O–H…O intramolecular
hydrogen bonds between carboxyl and carboxylate
groups, andO–H…O, O–H…NandN–H…O intermolecular
hydrogen bonds involving carboxylate groups, imidazole
ring, tetrazole ring, coordination water molecules and sol-
vent water molecules. In addition, there are π–π stacking in-
teractions between imidazole rings of adjacent chains with a
centroid-centroid distance of 3.5699(7) Å, which is in the range
forcommonπ–π interactions[15–17].Adjacentchainsarelinked
bytheaforementionedhydrogenbondsandπ–π interactions, to
a three-dimensional architecture in the solid state.
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Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Ba . −.() . .()
O .() −.() .() .()
O .() −.() .() .()
H . −. . .*
O .() −.() .() .()
O −.() −.() .() .()
O . −.() . .()
H . −. . .*
O .() .() .() .()
HC . . . .*
HD . . . .*
N −.() −.() .() .()
N −.() −.() .() .()
HA −. −. . .*
N −.() −.() .() .()
N −.() −.() .() .()
N −.() −.() .() .()
N −.() −.() .() .()
C .() −.() .() .()
C .() −.() .() .()
C −.() −.() .() .()
C .() −.() .() .()
C −.() −.() .() .()
C −.() −.() .() .()
HA −. −. . .*
HB −. −. . .*
C −.() −.() .() .()
H −. −. . .*
O .() .() .() .()
HA . . . .*
HB . . . .*
O .() .() .() .()
HA . . . .*
HB . . . .*
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