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Abstract: Here we reported two new triazole-based coor-
dination polymers (CPs), i.e., [Zn(Hdatrz)(u,-0)],, (1) together
with [Mn(Hdatrz)(C;04)],-n(H,0) (2) (Hdatrz = 3,5-diamino-
1,2,4-triazole), which were generated under solvothermal
conditions. The influence of different metal ions on the
structure and properties of CPs was investigated. The CPs’
whole structures have been completely characterized by the
powder X-ray diffraction, Fourier transform infrared spec-
troscopy, and thermogravimetric analysis. It is noteworthy
that, upon excitation at 390 nm, ligands of compounds 1 and
2, as well as the metal complexes, all exhibit luminescence at
432 nm.
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1 Introduction

As a novel type of hybrid functional materials, coordina-
tion polymers (CPs) have been extensively investigated not
only due to their diversified structural components but
also due to their extensive applications in magnetism,
luminescence, catalysis, gas adsorption/separation, biome-
dicine, and so forth [1-4]. Although a great achievement in
the construction of CPs has been gained during the past
few decades, a truly controlled generation of CPs with
required structures and performances at the molecular
level remains an unattainable goal at present [5,6]. To
manipulate the CPs’ network structures, it is a requirement
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for us to reasonably select organic ligands as the “build-
ing blocks.” Because polycarboxylate ligands have strong
chemical stabilities and a large number of coordination
modes, they have been applied extensively to combine
with metal ions for the creation of CPs to date [7-11]. In
addition to polycarboxylate ligands, 1,2,4-triazole ligand
and their derivatives, owing to their simple five-membered
heterocycle structure, have also been extensively exploited
to construct functionalized CPs with charming structures
and interesting properties [12-15]. More importantly, the
triazole ligands can bridge metal ions in neutral or anionic
form during the self-assembly process. The Hdatrz ligand,
possessing four potential coordination sites on one plane,
has been deemed as a suitable organic ligand for the con-
struction of CPs [16-18]. For example, Yao and his co-
workers used the Hdatrz as a bridging ligand to construct
a series of luminescent Cd(m) compounds by tuning the
auxiliary anions [19].

Although the Hdatrz ligand possesses a variety of coor-
dination patterns, its exploration in the development of
novel crystal materials is still largely untapped. Given
this current situation, in the present study, the Hdatrz
ligand has been selected as an organic building block
assembled with transition metal ions to construct new
crystal materials. The aim is to enrich the existing crystal
database and provide theoretical guidance for the devel-
opment of novel materials. When choosing zinc (Zn) and
manganese (Mn) as metal ions for constructing metal-
organic frameworks (MOFs), the aim is to delve into their
differences in crystal structure, properties, and potential
applications. This selection not only introduces diversity in
physical properties but also provides broader possibilities
for the multifunctional performance of MOFs, particularly
in areas such as catalysis and adsorption. Furthermore,
considering the distinct electron structures and coordina-
tion chemistry of Zn and Mn, this choice also facilitates in-
depth theoretical research to comprehensively understand
their interactions in MOFs and their impact on material
properties. Overall, the choice of Zn and Mn as metal ions
for constructing MOFs is intended to offer a more profound
understanding for material design, thereby expanding the
potential applications of MOFs across various fields. Successfully,
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two novel CPs were synthesized through the solvothermal
reaction of the Hdatrz with C;0%™ anion and Mn(x) or Zn(i)
salts. XRD analyses displayed that CP 1 possesses a two-
dimensional layered structure, and CP 2 exhibits a three-
dimensional framework presenting a 4-linked dia-type topo-
logical network. In both CPs, the Hdatrz ligand presents two
diverse coordination fashions: t»-N1, N2 mode for 1 and y,-
N1, N3 mode for 2. Further characterization of the crystal
properties of 1 and 2 was conducted through fluorescence
testing.

2 Experimental

2.1 Materials and instrumentation

In this work, the reagents together with the chemicals uti-
lized were acquired from commercial sources and are of
remanufactured-grade quality and ready for immediate
use. Through Vario III Elemental Analyzer, the elemental
analyzer of N, H, and C was implemented. With PANalytical
X’Pert Pro powder diffractometer, powder X-ray diffraction
(PXRD) data were recorded at 1.54056 A Cu/Ka radiation
with 0.05° step size. Thermal gravimetric analyzer was imple-
mented on a NETSCHZ STA-449C thermoanalyzer under N,
atmosphere with a 10°C/min heating rate from 30 to 800°C.
The Edinburg FLS920 TCSPC fluorescence spectrophotometer
was exploited for luminescent spectra in the solid state.

2.2 Synthesis of [Zn(Hdatrz)(p,-0)], (1) and
[Mn(Hdatrz)(C;04)],-n(H20) (2)

References to the preparation of compounds 1 and 2 are
provided below, with typical procedures as follows [20,21]. A
mixture formed by 0.1 mmol Hdatrz, 0.1 mmol Zn(NOs),-6H,0,
4mL H,0, and 2mL N,N-dimethylformamide (DMF) was
heated in a small glass vial (20 mL) at 110°C for 5 days. 1’s
colorless block crystals were gathered after cooling to room
temperature (RT) at a 2°C/min rate in a yield of 36% in
accordance with Zn(NO,),6H,0. IR (KBr, cm™): 465 m, 523 m,
716s, 785s, 844w, 1,056 m, 1,128 m, 1,236 vs, 1,409, 1,467,
1,648 vs, 1,694s, 1,711s, 1,763s, 1911w, 2,689 w, 2,849 m,
2,970 m, 3,075m, 3,309 m. Anal. Calcd. (%) for C,H;ZnN;O
(180.50): N, 38.78; H, 2.77; C, 13.30. Found (%): N, 38.82; H,
2.79; C, 13.28.

A mixture formed by 0.1 mmol Hdatrz, 0.1 mmol Mn
(OAc),-4H,0, 0.1 mmol Na,C,04, 2mL DMF, and 4 mL H,0
was heated in a small glass vial (23 mL) at 110°C for 72 h. 2’s
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colorless block crystals were acquired after cooling to RT at
a 2°C/min rate in a yield of 46% in accordance with Mn
(OAc),4H,0. IR (KBr, em™): 469m, 499 m, 7365, 785s, 846w,
1,059 m, 1,178 m, 1,256 vs, 1,419s, 1,437s, 1,623 vs, 1,689 s, 1,701 s,
1,759s, 1,901 w, 2,579 w, 2,849 m, 2,970 m, 3,075 m, 3,309 m,
3,430 m. Anal. calcd. (%) for C4H-MnN;O5 (260.09): N, 26.91;
H, 2.69; C, 18.46. Found (%): N, 26.87; H, 2.72; C, 18.47.

2.3 X-ray crystallography

A computer-controlled Rigaku Mercury CCD diffractometer
was equipped with 0.71073 A graphite-monochromated MoKa
radiation, and employed to gather the CPs’ single crystal data
at 293 K. The solution and refinement of CPs’ structures were
implemented with the direct method through SHELXT as well
as the full-matrix least square technique on the basis of F* via
SHELXL-2014 [22]. CPs’ crystallographic data along with their
structural refinements are given in Table 1.

3 Results and discussion

3.1 Crystal structure of compound 1

Compound 1 is crystallized in an orthorhombic system
with a space group of Cmce. And 1’s fundamental building

Table 1: CPs’ crystal data and their structure refinements

Sample 1 2

Formula C,HsZnNsO C4H7MnN;s05

Fw 180.50 260.09

Crystal system Orthorhombic Monoclinic

Space group Cmce P2,/c

a (R) 19.342(3) 9.553(3)

b (A 5.4335(9) 14.1640(17)

cA) 10.0860(13) 9.286(2)

a° 90 90

B° 90 118.495(7)

y° 90 90

Volume (A3%) 1060.0(3) 1104.3(4)

V4 8 4

Density (calculated) 2.262 1.564

Abs. coeff. (mm™) 4.541 1.207

Total reflections 3,735 8,125

Unique reflections 624 2,493

Goodness of fiton #1159 1.077

Final Rindices [I>2  R=0.0314, wR, = R =0.0564, wR, =

sigma(Iz)] 0.0695 0.1668

R (all data) R =0.0349, wR, = R =0.0636, WR, =
0.0714 0.1776
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unit consisted of a half u,-O anion, a half Hdatrz ligand as
well as a half Zn(u) ion. The Zn1 ion coordination polyhe-
dron, as presented in Figure la, may be represented as a
tetrahedron, completed via two u,-O anions and two N
atoms derived from two diverse Hdatrz ligands. When in
contrast to previously documented Zn(m)-based CPs, the
lengths between Zn-0 and Zn-N are within the normal
range. The Hdatrz ligands in u,-N1, N2 mode (Scheme 1a),
and the u,-O anions synergistically bridge all Zn(w) ions
together, creating a two-dimensional layer along the crys-
tallographic plane bc (Figure 1b). By calculation using the
PLATON program, no intermolecular or intramolecular
hydrogen bonds were found. Thus, these 2D layers in a
parallel mode are stacked together through weak van der
Waals interactions (Figure 1c).

3.2 Crystal structure of compound 2

Compound 2 is crystallized in the monoclinic space group
of P2y/c, and its asymmetric unit is composed of two halves
CZOi' anions, a Hdatrz ligand, a Mn(n) ion, along with a
lattice molecule of water. Figure 2a displays that the Mn1
ion coordination environment consists of four O atoms
derived from two C,03” anions together with two N atoms
coming from two ligands of the Hdatrz, creating slightly

(a)
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Scheme 1: Coordination fashions of Hdatrz ligand: (a) y>-N1, N2 mode for
1 and (b) p>-N1, N3 mode for 2.

twisted octahedrons with the distances of Mn—-N and Mn-0O
in the range of 2.202(3)-2.215(3) A and 2.160(3)-2.223(2) A,
separately. In 2, the Hdatrz ligand shows another u,-N1,
N3 coordination mode (Scheme 1b). Such a bridging mode
enables Hatraz ligands to connect Mn(n) ions into a 1D infi-
nite chain with neighboring Mn...Mn 6.38 A away from each
other (Figure 2b). Finally, these adjacent 1D infinite chains
are bridged by the C;0% anions, affording the three-dimen-
sional framework of CP 2 (Figure 2c). Mn(u) ions were
viewed as 4-linked nodes, czoi‘ anions and the Hdatrz
ligands were regarded as linear linkers, the 2’s 3D frame-
works can be topologically reduced into a 4-linked dia-type
network with {6°} point symbol.

Figure 1: (a) Perspective view of coordination setting of Zn(xu) ion in CP 1. (b) 1’s two-dimensional layered structure. (c) Weak Van der Waals-induced
interlayer stacking of three-dimensional supramolecular frameworks for CP 1.



4 —

Jing Li et al.

DE GRUYTER

(a)

Figure 2: (a) Perspective view of coordination setting of Mn(x) ion in CP 2. (b) The one-dimensional infinite chain constructed via Mn(u) ions and the
Hdatrz ligand. (c) 2’s three-dimensional framework. (d) Schematic diagram of the 4-linked dia topological network for CP 2.
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Figure 3: (a) and (b) represent the comparison between simulated and experimental PXRD data for compounds 1 and 2, respectively. (c) and (d) depict
the thermal stability test results for compounds 1 and 2, respectively.
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3.3 PXRD patterns and thermogravimetric
analyses (TGA)

PXRD was conducted to confirm the CPs’ phase purity. As
displayed in Figure 3a and b, the locations and shapes of
the diffraction peaks of calculated patterns on the basis of
single crystal diffraction data and the experimental pat-
terns agree well, indicating the produced bulk solids’
high phase purity for 1-2. These results are consistent
with the description in relevant literature to further indi-
cate that it is the target product [23,24].

Their structural thermostabilities were also assessed
by applying the TGA analysis under an N, atmosphere. The
analysis results are plotted in Figure 3c and d. For 1, its
structure shows good stability at 280°C, from which rapid
weight reduction started since the organic ligand decom-
position. For CP 2, its structure reveals a two-stage process
of weight loss: the first step happened between 70 and
100°C and was attributed to the loss of the free molecules
of water (obsd: 6.87%, calcd: 6.92%) and the second step
happened between 288 and 460°C and was related to the
burning of the organic ligand. Based on the above research
results, it is evident that CPs constructed with different
metal ions have a significant impact on their structure
and thermal stability.

3.4 Fluorescence tests of compounds 1 and 2

Transition metal-organic CPs have been extensively studied
due to their intriguing luminescent properties [25,26]. In this
study, the solid-state luminescence emission spectra of CPs

10000 —— Hdatrz
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Figure 4: At room temperature, emission spectra were recorded for
compounds 1 and 2, as well as free Hdatrz, in the solid state.

Triazole-based, photocatalytic property = 5

1-2, along with the corresponding free ligand, were deter-
mined at RT (Figure 4). The emission spectrum of the Hdatrz
ligands exhibits a maximum peak at approximately 432 nm
under 390 nm excitation, primarily attributed to 7* — ni/n
charge transitions. Upon stimulation at 390 nm, 1 shows an
emission band at about 438 nm, while 2 exhibits an emission
band around 436 nm. The emission spectra of the CPs are
slightly red-shifted (6 nm for 1 and 4 nm for 2) compared to
that of the free Hdatrz ligand. Due to the distinct d'° elec-
tronic structure and stable half-filled d° electronic config-
uration of Mn(u) and Zn() ions, they are challenging to
either oxidize or reduce. Consequently, the luminescent
behaviors of compounds 1 and 2 can be explained as metal
ions perturbing intraligand 7* — ni/n charge transfer transi-
tions [27]. It is noteworthy that the luminescence intensities
of 1 and 2 surpass that of the Hdatrz ligand, primarily attrib-
uted to the coordination of the Hdatrz ligand with metal
centers, leading to increased ligand rigidity.

4 Conclusions

In conclusion, two novel triazole-based transition metal
CPs with the formulae [Zn(Hdatrz)(u,-O)l, (1) and [Mn
(Hdatrz)(C;04)],'n(H,0) (2) were successfully synthesized
through a one-pot self-assembly reaction involving Hatrz
ligand, Mn(u) or Zn(u) ions, and Hatrz and C,0; anions
under solvothermal conditions. A detailed study was con-
ducted on the structure and properties of CPs constructed
from two different metal ions. For 1, the Hdatrz ligands and
U>-0 anions bridge all Zn(u) ions into a 2D layer. For 2, the
;07 anions and Hdatrz ligands link all Mn(u) ions into
a 3D framework showing a dia-type topological network.
Moreover, compounds 1 and 2 are luminescent at room
temperature. However, due to limitations in the experi-
mental conditions, further exploration was not conducted.
In future work, we plan to delve deeper into its applications.
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