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Abstract
C22H26N6NiO8, monoclinic, P21/n (no. 14), a = 10.9372(7) Å,
b= 10.4567(6) Å, c= 11.7618(7) Å,β= 116.5552(19)°,V= 1203.25(13) Å3,
Z = 2, Rgt(F) = 0.0406, wRref (F2) = 0.1089, T = 297(2) K.

CCDC no.: 1923319

Table 1 contains crystallographic data and Table 2 contains
the list of the atoms including atomic coordinates and
displacement parameters.

1 Source of material

All chemicals were of analytical reagent grade and used
without further purification. A mixture of Ni(NO3)2·6H2O
(47.4 mg), 1,1′-(1,4-phenylenebis(methylene))bis-(1H-pyrazole-
3,5-dicarboxylic acid) (20.7 mg) and acetonitrile/DMF/water

*Corresponding author: Fenfang Li, College of Chemistry and Chemical
Engineering, Jinzhong University, Jinzhong, Shanxi 030619, People’s
Republic of China, E-mail: lffspring@126.com. https://orcid.org/0000-0001-
8761-0570

Z. Kristallogr. - N. Cryst. Struct. 2023; 238(6): 1027–1029

Open Access. © 2023 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.

https://doi.org/10.1515/ncrs-2023-0120
mailto:lffspring@126.com
https://orcid.org/0000-0001-8761-0570
https://orcid.org/0000-0001-8761-0570


(10 mL, 3/3/4, v/v/v) was placed in a 15 mL of Teflon-lined
stainless steel autoclave. The mixture was heated under
autogenous pressure at 433 K for 72 h and then cooled to room

temperature. Greenblock crystalswere collected byfiltration,
washed with H2O, and dried in air with 72% yield.

2 Experimental details

TheMulti-scan program SADABS [1] was used for absorption
correction. The structures were solved by Direct Methods
and refined using the SHELXS-97 [2,3] and SHELXL-2014/7,
respectively [4]. Hydrogen atoms attached to C atoms were
placed geometrically and refined using a riding model
approximation, with C–H = 0.96 Å and Uiso (H) = 1.2 Ueq (C).

3 Comment

Polycarboxylate based pyrazoles have great benefits for the
formation 2D or 3Dmetal–organic frameworks [5,6]. Among
them, flexible multicarboxylate ligands have remarkable
advantages because their conformational freedom and
flexibility can be fine-tuned by themselves to match with
the coordination preference of metal ions and lower the
energetic arrangement in the self-assembly process. Many
tetracarboxylate ligands have been utilized to create coor-
dination polymers [7,8]. We recently studied the self-
assembly reaction of 1,1′-(1,4-phenylenebis(methylene))
bis(1H-pyrazole-3,5-dicarboxylate).

The asymmetric unit of the title complex 1, consists
of a half Ni2+ ion, a half of a fully deprotonated 1,1′-
(1,4-phenylenebis(methylene))bis-(1H-pyrazole-3,5-dicar-
boxylate) anion, one noncoordinated dimethylammo-
nium cation by hydrolysis of DMF. As can be deduced
from the charge balance, the framework is anionic hav-
ing a (−2) charge, and the electroneutrality is achieved by
the incorporation of the protonated amine in the voids of
the net. In 1, the Ni (II) ion is surrounded by four oxygen
atoms from four 1,1′-(1,4-phenylenebis(methylene))bis-
(1H-pyrazole-3,5-dicarboxylate) ligands and two nitrogen
atoms of two ligands to present an octahedral geometry
with separate cis and trans angles at the metal being
79.39(8)°–180.0°. The Ni–O andNi–N bond lengths are in the
range of 2.064(2)–2.0648(2) Å and 2.085(2) Å, respectively.
These values are within the normal ranges [9,10] and close
to those reported in other Ni(II) complexes [11]. In the
polymer 1, two carboxyl groups of pyrazole are fully
deprotonated, each ligand bridges two Ni (II) ions through
chelating N, O atoms of the pyrazole ring andmonodentate O
atom of the same pyrazole ring, forming ⋯Ni–L–Ni–L⋯
chains parallel to the crystallographic b direction. The
Ni⋯Ni distance separated by a μ-pyrazole-carboxylate
bridge is 7.942(1) Å. The dihedral angle between the planes of

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

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

Table : Data collection and handling.

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

Diffractometer, scan mode: Bruker APEX-II, φ and ω
θmax, completeness: .°, >%
N(hkl)measured, N(hkl)unique, Rint: , , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [–]
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the benzene ring and pyrazole rings is 71.07(3)°. The one-
dimensional chains intersect to form an infinite two-
dimensional networkwhich contain nearly square [Ni4(L)4]
units. For each unit, four 1,1′-(1,4-phenylenebis(methylene))
bis-(1H-pyrazole-3,5-dicarboxylate anions act as the four
edges, and four Ni (II) ions represent the four vertices.
The lengths of the diagonals are 10.457 Å and 11.956 Å,
and the interior angles are 82.68° and 97.32°. The
ligand 1,1′-(1,4-phenylenebis(methylene))bis(1H-pyrazole-
3,5-dicarboxylate)) is the same as the Cd compound
{[Cd2L(H2O)2]·DMF·H2O}n [12], however, it exhibits
different coordination mode.
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