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Abstract
C28H26Cl6N4NiO8,monoclinic, I2/a (no. 15),a= 15.7577(10) Å,
b= 12.6174(7) Å, c= 16.7333(10) Å, β= 99.609(6)Å,
V = 3280.3(3) Å3, Z = 4, Rgt(F)=0.0674, wRref(F2)=0.1665,
T = 291.2(3) K.

CCDC no.: 1967383

Apart of themolecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list
of the atoms including atomic coordinates and displacement
parameters.

Source of material
NiCl2 · 6H2O (0.3 mmol, 0.074 g). 4,4′-dipyridine (4,4′-dipy,
0.3 mmol, 0.047 g) and ligand 3,5,6-trichloropyridine-
2-oxyacetic acid (3,5,6-Htcpa, 0.3 mmol, 0.078 g) were
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Table 1: Data collection and handling.

Crystal: Green block
Size: 0.29×0.25×0.22 mm
Wavelength: Mo Kα radiation (0.71073 Å)
µ: 1.14 mm−1

Diffractometer, scan mode: SuperNova, ω
θmax, completeness: 28.4°, >99%
N(hkl)measured, N(hkl)unique, Rint: 7139, 3421, 0.051
Criterion for Iobs, N(hkl)gt: Iobs > 2 σ(Iobs), 2154
N(param)refined: 217
Programs: CrysAlisPRO [1], Olex2 [2],

SHELX [3, 4]

dissolved in a mixture of 20 mL of water/ ethanol (V:V = 1:1).
Then the pH of the mixture was neutralized with KOH
(0.1 mol·L−1) to pH= 6.5. After that, the mixed solution was
sealed in a 25 mL Teflon reactor and kept under autogeneous
pressure at 393 K for 3 days. After cooling to room temperature
at a rate of 279 K·h−1, green block crystals of the title com-
poundwere obtained and collected. Yield: 20 mg (16%, based
on ligand 3,5,6-Htcpa). Anal. Calcd for C28H26Cl6N4NiO8(%):
C, 41.08; H, 3.20; N, 6.85. Found: C, 41.01; H, 3.29; N, 6.92.

Experimental details
CrysAlisPro 1.171.39.46 (Rigaku Oxford Diffraction, 2018) [1]
was used for empirical absorption correction using spher-
ical harmonics, implemented in SCALE3 ABSPACK scaling
algorithm. Using Olex2 [2], the structure was solved with
the ShelXT [3] structure solution program using Intrinsic
Phasing and refined with the ShelXL [4] refinement pack-
age. The H atoms bonded to C atoms were fixed, with C—H
distance of 0.93 Å; and/or positioned geometrically in the
riding-model approximation, with C—H distance of 0.97 Å;
U iso(H)= 1.2Ueq(C).

Comment
At the beginning stage of the coordination chemistry, aro-
matic carboxylate ligands have been frequently selected to
construct metal-organic frameworks due to their rich struc-
tural features and valuable potential applications [5–9].
Subsequently, modification of these carboxylate ligands by
various electron donating and withdrawing substituents
groups such as Me- [10, 11], tBu- [12, 13], MeO- [10, 14, 15],
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Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å2).

Atom x y z Uiso*/Ueq

C1 0.7488(3) 0.4078(4) 0.3258(3) 0.0379(12)
C2 0.7127(4) 0.3887(4) 0.2373(3) 0.0414(13)
H2A 0.7416 0.3282 0.2182 0.050*
H2B 0.6520 0.3717 0.2321 0.050*
C3 0.6715(3) 0.5633(4) 0.1934(3) 0.0408(13)
C4 0.6951(4) 0.6599(4) 0.1645(4) 0.0517(15)
C5 0.6454(4) 0.7480(5) 0.1724(4) 0.0599(17)
H5 0.6608 0.8144 0.1554 0.072*
C6 0.5715(4) 0.7347(4) 0.2068(4) 0.0543(16)
C7 0.5525(3) 0.6362(5) 0.2317(3) 0.0466(14)
C8 0.5976(3) 0.2057(4) 0.5490(3) 0.0442(13)
H8 0.5999 0.2613 0.5858 0.053*
C9 0.5386(3) 0.1276(4) 0.5532(3) 0.0435(13)
H9 0.5032 0.1307 0.5924 0.052*
C10 0.5312(3) 0.0435(4) 0.4989(3) 0.0325(11)
C11 0.5867(4) 0.0459(4) 0.4435(3) 0.0547(16)
H11 0.5848 −0.0081 0.4055 0.066*
C12 0.6452(4) 0.1277(5) 0.4439(4) 0.0557(16)
H12 0.6816 0.1266 0.4056 0.067*
C13 0.8826(5) 0.5237(6) 0.5548(4) 0.097(3)
H13A 0.9334 0.4930 0.5872 0.117*
H13B 0.8415 0.5370 0.5908 0.117*
C14 0.9061(6) 0.6224(6) 0.5252(5) 0.120(3)
H14A 0.8573 0.6531 0.4910 0.181*
H14B 0.9518 0.6121 0.4945 0.181*
H14C 0.9253 0.6690 0.5699 0.181*
Cl1 0.78527(12) 0.67082(15) 0.11876(13) 0.0864(7)
Cl2 0.50957(14) 0.84462(14) 0.21820(14) 0.0975(7)
Cl3 0.46002(10) 0.61493(14) 0.27188(10) 0.0668(5)
N1 0.6018(3) 0.5516(3) 0.2259(2) 0.0412(11)
N2 0.6521(2) 0.2079(3) 0.4962(2) 0.0343(9)
Ni1 0.7500 0.32936(6) 0.5000 0.0262(2)
O1 0.7342(2) 0.3337(2) 0.3724(2) 0.0397(8)
O2 0.7901(3) 0.4905(3) 0.3453(2) 0.0568(11)
O3 0.7229(2) 0.4792(3) 0.1871(2) 0.0499(10)
O4 0.8467(3) 0.4474(3) 0.4975(2) 0.0553(11)
H4 0.846(3) 0.477(3) 0.4507(8) 0.083*

—OH and —SO3H [16–18], —SH [19, 20], —NH2 [21, 22], —NO2

[23, 24], —CF3 [25], —CN [26], —F [27–30], —Cl [31–33], —Br
[34–37], —I [38–40], has been employed. Because of the steric
and/or electronic effects of the substituent groups, these
decorated ligands may afford new supramolecular assem-
blies owing to their special linking types and ligand-metal
interactions. Among them, the halogen containing carboxy-
late ligands are attractive as they may form halogen bonds,
which played an important role in the fields of molecular
recognition and supramolecular assemblies.

Lately, a trichloro substituent aromatic carboxylate lig-
and, namely, 3,5,6-trichloropyridine-2-oxyacetic acid (3,5,6-
Htcpa) has aroused our interests. A series of compounds,

including co-crystal ZnII [41] and NiII complexes [42], binu-
clear CdII cluster [43], 1D NiII [44] , CoII [45] and MnII [46]
polymers containing this ligand, have been reported by us
recently.

Single-crystal X-ray diffraction analysis shows that the
asymmetric unit of I includes one half of a NiII ion, one 3,5,6-
tcpa ligands, one half of a 4,4′-dipy together with one ethanol
molecule.

The six-coordinated NiII ion is bonded to two car-
boxy oxygen of two unidentate 3,5,6-tcpa anions [Ni1-
O1= 2.109(3) Å], two pyridyl nitrogen atoms of two 4,4′-dipy
[Ni1-N2= 2.168(4) Å] as well as two hydroxy oxygen atoms of
two ethanol molecules [Ni1-O4= 2.136(4) Å] (see the figure).

The trans O1-Ni1-O1A and O4-Ni1-N2 bond angles are
177.05(17)° and 177.13(14)° respectively, and the cis ones lie in
the range of 85.75(13) to 92.19(13)°.

The µ2-4,4′-dipy molecules bridge the neighbouring NiII

ions with their nitrogen atoms to form zigzag chain structure
along the a axis. The Ni· · · Ni separation across 4,4′-dipy is
11.452 Å. The adjacent Ni· · · Ni distance parallel to the a axis
is 15.758 Å. The 3D crystal packing is constructedbyO—H· · · O
hydrogen bonding and weak Cl· · · Cl halogen bonding.

The hydroxy atom (O4) of ethanol as donor involves in
intra-molecular hydrogen bond with uncomplexed carboxy
oxygen (O2) of 3,5,6-tcpa as acceptor.

The halogen· · · halogen interactions are seen between
C6-Cl2 and C7G-Cl3G (symmetry code for G: x, 3/2 − y,
1/2 + z) of adjacent 1D chain with a Cl2· · · Cl3G separation of
3.444 Å. In I, the geometries of these halogen bonds is charac-
terized by angles of C6-C12· · · Cl3G (119.20°) and Cl2· · · Cl3G-
C7G (93.02°), nearly corresponding to halogen bond of Type II
[47, 48].

Comparing Iwith [Ni(3,5,6-tcpa)2(4,4′-dipy) 1/2]n (II) [44],
both of which prepared from the same starting reactants,
some important similarities and differences can be found as
follows: (i) The structure. They are both 1D polymer. The title
structure is a zigzag chain, while II is a linear structure. (ii)
The µ2-function of 4,4′-dipy. Both 4,4′-dipy join NiII centers to
form the corresponding polymer. (iii) The composition. There
are complexed ethonal molecules in I, but absence in II. This
is because of the use of the mixed H2O-ethanol solvent for
synthesis of I, while pure H2O solvent for that of II. (iv) The
coordination mode of 3,5,6-tcpa. It is monodentate in I, but
bidentate in II. (v) The coordination geometry of NiII ion. It is
in octahedron for I, while in tetragonal pyramid for II.

From the above careful disscussion, it was confirmed
again that the different synthesis conditions, such as by
changing the solvent, greatly affected the composition and
structure of complexes.

Now, many further attempts on developing new
complexes with 3,5,6-Htcpa as the first ligand, for instance
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by the use of other solvents, introducing other N/O-donor
bridging or chelate auxiliary ligands will be gradually
implemented.
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