
This article was downloaded by: [Case Western Reserve University]
On: 03 December 2014, At: 10:49
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House,
37-41 Mortimer Street, London W1T 3JH, UK

Synthesis and Reactivity in Inorganic, Metal-Organic,
and Nano-Metal Chemistry
Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/lsrt20

A Linear Piperazine-Containing Ligand and Its Hg
Coordination Polymer
Wen-Juan Chu a , Rui-Jun Li a , Yao-Ting Fan a & Hong-Wei Hou a
a Department of Chemistry , Zhengzhou University , Zhengzhou , P. R. China
Published online: 31 Jan 2012.

To cite this article: Wen-Juan Chu , Rui-Jun Li , Yao-Ting Fan & Hong-Wei Hou (2012) A Linear Piperazine-Containing Ligand
and Its Hg Coordination Polymer, Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 42:1, 9-13,
DOI: 10.1080/15533174.2011.609220

To link to this article:  http://dx.doi.org/10.1080/15533174.2011.609220

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of the
Content. Any opinions and views expressed in this publication are the opinions and views of the authors, and
are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied upon and
should be independently verified with primary sources of information. Taylor and Francis shall not be liable for
any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other liabilities whatsoever
or howsoever caused arising directly or indirectly in connection with, in relation to or arising out of the use of
the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any
form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions

http://www.tandfonline.com/loi/lsrt20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/15533174.2011.609220
http://dx.doi.org/10.1080/15533174.2011.609220
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


Synthesis and Reactivity in Inorganic, Metal-Organic, and Nano-Metal Chemistry, 42:9–13, 2012
Copyright C© Taylor & Francis Group, LLC
ISSN: 1553-3174 print / 1553-3182 online
DOI: 10.1080/15533174.2011.609220

A Linear Piperazine-Containing Ligand and Its Hg
Coordination Polymer

Wen-Juan Chu, Rui-Jun Li, Yao-Ting Fan, and Hong-Wei Hou
Department of Chemistry, Zhengzhou University, Zhengzhou, P. R. China

Reactions of piperazine hexahydrate with triazol and
paraformaldehyde afford a new piperazine-containing ligand:
(N,N′-bis(1-H-1,2,4-triazole-1-yl)piperazine) (btp). X-ray crystal
diffraction reveals that btp is an overall linear structure. Its Hg2+
polymer displays a zigzag chain in which piperazine is held in the
chair conformation. In addition, the spectra properties of the btp
and 1 are investigated, the strong luminescence characteristics of
btp and 1 are found.

Keywords crystal structure, luminescence property, polymer,
solid-state UV-Vis

INTRODUCTION
In recent years, nitrogen-containing heterocycles are fre-

quently employed as building blocks such as triazole, tetra-
zole, piperazine, triazine, and tetrazine have been widely used
for the construction of MOFs as a result of their variety of
intriguing structure and potential applications in the areas of
catalysis, magnetism, luminescence, and gas storage.[1–13] As
is known to us all, substituted 1,4-piperazine can assume dif-
ferent types of bridging conformations in both boat and chair
forms, of which the latter is thermodynamically more favorable,
though the boat form can coordinate one or bridge two metal
ions to give mononuclear and cis-dinuclear complexes, respec-
tively.[11–17] Compared with the rigid nitrogen heterocycle lig-
ands, the incorporation of flexible units, for example, –CH2–
group, has recently received increasing attention because the
freedom of the C-C single-bond connection between two ni-
trogen heterocycles in favor of the ligands serving as useful
building blocks.[18]

Taking the previous into consideration, we are exploring
the design and preparation of nitrogen heterocycles ligands
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with flexible units. In this article, we synthesized the biden-
tate ligand: (N,N′-bis(1-H-1,2,4-triazole-1-yl)piperazine) (btp),
in which the two triazole groups are held in transconformation in
the equatorial position to the piperazine. The btp ligand adopts
didentate bridging mode to connect Hg ions leading to a 1D
infinite zigzag chain. In addition, polymer 1 and btp are syn-
thesized and characterized by X-ray single crystal diffraction
analysis, elemental analysis, IR, solid-state UV-Vis, and so on
in the context.

EXPERIMENTAL

Materials and Physical Measurements
All chemicals were of reagent-grade quality and obtained

from commercial sources and used without further purification.
Elemental analyses (C, H, N) were performed on a Carlo-Erba
1160 Elemental Analyzer. IR spectra were recorded in the re-
gion of 4000–400 cm−1 on a FTS-40 infrared spectrophotometer
with pressed KBr pellets. Powder XRD patterns were recorded
with CuKa1 radiation by using a PANalytical X’Pert PRO
diffractometer. Emission spectra were recorded on an F-4500
HITACHI fluorescence spectrophotometer. UV-Vis absorption
spectra in the solid state were taken using a Cary 5000 UV-Vis-
NIR spectrophotometer.

Synthesis of Ligand
(N,N′-bis(1-H-1,2,4-triazole-1-yl)piperazine) (btp)

Mixture of triazole (3.04 g, 44 mmol), paraformaldehyde
(1.47 g, 49 mmol), and 3 drops of triethylamine were heated at
80◦ several hours until viscous residues appear. Then the
residues were dissolved by methanol and stirred with piperazine
(1.85 g, 22 mmol). Coreless crystals (4.22 g) were obtained
by filtration and recrystallization in methanol. (yield: 77.34%).
Anal. Calcd. for C8H14N8 (%): C, 48.37; H, 6.50; N, 45.13;
Found: C, 47.93; H, 6.96; N, 45.11. M.P.: 228∼230◦C. IR (KBr,
cm−1): 3430(s), 3117(s), 3079(m), 2960(s), 2837(s), 11511(m),
1453(m), 1360(s), 1322(m), 1171(s), 1130(m), 1033(m),
1011(s), 959(w), 889(w), 797(s), 639(s). 1HNMR(CDCl3):
δ 2.687 (8H), 5.480 (4H), 8.531 (4H). Scheme 1

Complex 1 is synthesized by the reactions of HgI2 (454.4 mg,
1 mmol) and btp (25.0 mg, 0.1 mmol) in methanol (8 mL), then
colorless rod-like crystals were obtained upon slow evaporation
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SCH. 1. Synthesis of [Hg(btp)2I2]n.

of the solution at ambient temperature. Yield: 48% based on
Hg. Anal. Calc. for C10H16HgN8I2 (1): C, 17.08; H, 2.28; N,
15.94%. Found: C, 17.12; H, 2.34; N, 16.02%. IR data (KBr,
cm−1): 3423(s), 3112(s), 2946(m), 2836(s), 1510(s), 1448(m),
1369(s), 1330(m), 1170(s), 1120(m), 1032(m), 1013(s), 978(w),
903(w), 795(s), 632(s).

Crystallographic Data Collection and Structure
Determination

Single crystal of btp and complex 1 were put on a Bruker
SMART APEX II CCD diffractometer equipped with a graphite-
monochromated Mo Kα radiation (λ = 0.71073 Å) by using ω-
2θ scan technique at 293(2) K. Raw data were corrected and the
structure was solved by direct method using the SHELXS-97
program.[19] Non-hydrogen atoms were located by direct phase
determination and subjected to anisotropic refinement. The full-
matrix least-squares calculation on F2 was applied on the final
refinement. The refinement converged at R1 = 0.0508 and R1 =
0.0527 values for reflection with I > 2σ for the btp ligand and 1.
Details of crystal structure determination are summarized in the
Table 1. Full atomic data are available as a file in CIF format.
The selected bond lengths and angles are shown in Table 2.

Determination of Fluorescent Properties
Steady-state fluorescence measurements were performed us-

ing spectrofluorimeter Hitachi F-4500 at ambient temperature
in solid state. The excitation and emission slit width are both
5 nm, and response time is 0.5 s.

RESULTS AND DISCUSSIONS

Crystal Structure
Crystallographic analysis reveals that btp depicts a linear

structure and crystallizes in the monoclinic system, space group
P21c. As shown in Figure 1, the piperazine six-membered ring
displays a chair-like conformation. The lone electron pairs
of piperazine-N are away from the center of piperazine ring
(Scheme 2), hence, it is not in favor of chelation but for
polymerization.

N N
N

N

N

N
N

N

SCH. 2.

TABLE 1
Crystallographic data for btp and 1

btp 1

empirical formula C10H16N8 C22H22ZnN10O8S2

Mr 248.31 702.70
crystal system monoclinic orthorhombic
space group P21c Pnma
a (Å) 10.296(2) 10.640(2)
b (Å) 9.1917(18) 16.377(3)
c (Å) 6.9092(14) 10.504(2)
α (◦) 90.00 90.00
β (◦) 104.84(3) 90.00
γ (◦) 90.00 90.00
V (Å3) 632.1(2) 1830.3(6)
Z 2 4
µ (mm−1) 0.09 11.79
Dc (g·cm−3) 1.305 2.550
F(000) 264 1272
Goodness of fit 1.155 1.077
R1 (I > 2σ (I)) 0.0508 0.0527
wR2 (all data) 0.1411 0.1608

R1 = ∑ ‖ F0 | − | Fc ‖ /
∑ | F0 |; wR2 = [

∑
w(F0

2 − Fc
2)2 /

∑

w(F0
2)2]1/2

TABLE 2
Selected bond lengths (Å) and angles (◦) for btp and 1

btp
N4-C3 1.4319 (18) N4-C5 1.4559 (18)
N4-C4 1.4565 (17) N2-C2 1.3153 (18)
N2-N1 1.3597 (15) N1-C1 1.3284 (17)
N1-C3 1.4786 (17) C1-N3 1.3213 (19)
C5A-C4 1.518 (2) N3-C2 1.353 (2)
C4A-C5 1.518 (2)

1
Hg1–N4 2.367 (4) Hg1–N4A 2.367 (4)
Hg1–I1 2.6644 (13) Hg1–I2 2.6512 (13)
N4A-Hg1–N4 103.01(9) 100.8 (4) N4-Hg1–I2 102.72 (17)
N4A-Hg1–I2 102.72 (17) N4-Hg1–I1 103.08 (17)
N4A-Hg1–I1 103.08 (17) I1-Hg1–I2 139.00 (5)

Symmetry code. For btp: $1 −x+1, −y+1, −z+2; For 1: $1 x,
−y+1/2, z; $2 −x+1, −y+1, −z
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FIG. 1. The crystal structure of btp (hydrogen atoms are omitted for clarity).

As revealed in Figure 2, in polymer 1, Hg atoms in a dis-
torted tetrahedral environment, coordinating to two N atoms
(N4, N4A) from two different btp ligands and two iodide atoms
(I1, I2). N-Hg-I bond angles range from 102.72 to 103.08◦, I-
Hg-I bond angle is calculated 139.00◦, and N-Hg-N bond angle
is only 100.80◦. This distortion leads to a slight difference be-
tween two Hg-I bond lengths (2.6644(13) and 2.6512(13) Å).
Moreover, the btp in 1 is held in a stable chair conformation and
adopted bidentate bridging mode to link Hg centers, leading to
an infinite zigzag chain (Figure 3).

Spectra Properties
The luminescent property of free ligand btp and 1 were in-

vestigated in the solid state at room temperature. The purity of 1

FIG. 2. The tetrahedral coordination environment of Hg ions in 1 (hydrogen
atoms are omitted for clarity).

is confirmed by X-ray powder diffraction (XRPD) patterns (Fig-
ure 4). As it can be seen from Figure 5, the ligand btp displays
an intense emission band centered at about 371 nm upon pho-
toexciation at 254 nm, which can be attributed to the intraligand
π∗ → π transition. In comparison, 1 exhibits a relatively weak
emission band centered at 378 nm (ex = 250 nm). It can be pre-
sumed that the significantly weakened intensity of the emission
band for 1 is attributed to the competitive quenching effect of
iodide ions.[20,21] By comparing the luminescence of 1 with free

FIG. 3. The 1D infinite zigzag chain in 1 along c direction (hydrogen atoms are omitted for clarity) (color figure available onlne).
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FIG. 4. PXRD patterns: simulated pattern of 1 (a); as-synthesized 1 (b) (color
figure available online).

ligand, the effective bands of 1 indicate a slight red shift about
7 nm. Thus the fluorescent emissions of 1 can be tentatively
assigned to the ligand-to-ligand charge transfer (LLCT).

The solid-state UV-Vis spectra of ligand btp and the corre-
sponding complexes 1 are further determined (Figure 6). The
ligand btp gives characteristic absorptions at approximately 230
nm, which may be attributed to the intraligand π→π∗ transi-
tion of the ligand. The effective bands at approximately 248 nm
for complex 1 indicates an obvious red-shift compared to free
ligand, presumably due to increase of the π electron density
induced by the coordination of nitrogen heterocyclic group with
metal ions.

FIG. 5. The solid-state photoluminescence of btp and 1 (color figure available
online).

SUPPLEMENTARY MATERIALS
Crystallographic data for the structural analysis has been

deposited with the Cambridge Crystallographic Data Center,
CCDC Nos.819064 and 819063. Copies of this information may
be obtained free of charge from the Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (Fax: +44–1223-336033; E-
mail: deposit@ccdc.cam.ac.uk or http://www.ccdc.cam.ac.uk).
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