
Figure 1: IR curve of compound 1 
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ABSTRACT

One new supramolecular compound based on H2L (H2L = 4-[(8-hydroxy-5-quinolinyl) azo]-benzenesulfonic acid), 
{[NiL(en)]• DMF}n (1) (en = ethylenediamine, DMF = N,N-dimethylformamide), has been synthesized by 
solvothermal technique. Compound 1 exhibits a one-dimensional (1-D) zig-zag chain structure. In addition, it 
exhibits blue fluorescence at room temperature in the solid state.  
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1. INTRODUCTION

Over the past decade, supramolecular chemistry of coordination 

compounds has attracted great interest because of their intriguing 

architectures and potential applications in molecular recognition, sensors, 

catalysis and photoelectricity [1-5]. In the construction of these 

supramolecular materials, judicious selection of multifunctional organic 

ligands is an effective approach [6-9]. As one of the azo organic ligands, 4-

[(8-hydroxy-5-quinolinyl)azo]-benzenesulfonic acid may be an ideal 

ligand because of its structural features: (i) It shows potential 

coordination activities because it presents diverse coordination points 

[10-14]. (ii) It could act as hydrogen bond acceptors or donors to assist in 

assembling various supramolecular structures, for they can be partly or 

fully deprotonated to generate various species with different proton 

numbers. (iii) Benzene rings joints quinoline rings through －N=N－ bond, 

so the two rings not only can rotate around the －N=N－ bond, but also 

lead to π-π stacking interactions to meet different coordination 

requirements in the assembly process of the compound. (iv) Quinoline 

ring has stronger chelating ability in combining with metal ions because of 

the ortho position between hydroxyl and N atom. Based on the above, H2L 

may be an excellent candidate for constructing the coordination polymers 

with diverse structures and outstanding fluorescent performance. 

Taking inspiration from the afore mentioned points, we solvothermally 

synthesized one new supramolecular compound, {[NiL(en)]·DMF}n (1), 

which crystal structure has not been reported. Compound 1 consists of 1-

D zig-zag chain structure. The fluorescent property has also been 

investigated. The results show that compound 1 may have potential 

application in photoactive material field. 

2. EXPERIMENTAL 

2.1 Materials  

All the starting materials were reagent grade and used as purchased 

without further purification. Distilled water was used throughout. The 

ligand H2L, 4-[(8-hydroxy-5-quinolinyl)azo]-benzenesulfonic acid, was 

prepared according to the literature method [15]. 

2.2 Physical measurements 

Elemental analyses for C, H and N were performed on a Perkin-Elmer 2400 

Elemental Analyzer. IR (KBr pellets) spectra were recorded in the 4000–

400 cm-1 range using a Nicolet Impact 410 FT-IR spectrometer. The 

thermal behavior was studied by thermogravimetric analyses (TGA) on a 

Perkin-Elmer TGA 7 thermogravimetric analyzer under N2 with a heating 

rate of 10 °C min-1. PXRD were collected on a Siemens D5005 

diffractometer by using Cu-Kα (λ = 1.5418 Å) with a graphite 

monochromator. The fluorescence measurement was performed on LS55 

luminescence spectrometer.  

2.3 Preparation of {[NiL(en)]·DMF}n (1) 

A mixture of H2L (10 mg, 0.030 mmol), NiCl2 (30 mg, 0.23 mmol), H2O (2 

mL), DMF (10 mL) and en (0.03 mL) was dissolved at room temperature. 

The suspension was put into a Teflon-lined autoclave and kept under 

autogenous pressure at 130 °C for 72 h. After slow cooling to room 

temperature, red block crystals were filtered and washed with DMF and 

dried in air, in about 40 % yield (based on Ni). Anal. calcd. for 

C20H25NiN6O5S (520.22): C 46.15; H 4.80; N 16.15 %; found: C 46.75; H 

4.50; N 15.98 %. IR data (KBr pellet, cm-1, Figure 1,), ṽ/cm–1: 3267 (m), 

3178 (w), 2933(w), 2876(w), 1658 (s), 1596 (m), 1569(s), 1500(s), 1461 

(s), 1403 (s), 1383(s), 1313 (s), 1246 (s), 1177 (s), 775 (m), 696 (s), 

647(s), 558 (m), 460 (m). 
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2.4 Structure determination 

Compound 1 was stable under ambient conditions and single crystals 

were glued on thin glass fibers. Diffraction intensities were collected on 

Bruker Apex Ⅱ CCD area-detector diffractometer (Mo Kɑ, 0.71073 Å). An 

empirical absorption correction was applied by using the SADABS 

program. The structure was solved by the direct methods (SHELXS-97) 

and refined by full matrix least squares [16]. All non-hydrogen atoms were 

refined anisotropically. All hydrogen atoms were located geometrically by 

the program OLEX 2 [17]. The final formula was derived from 

crystallographic data combined with elemental and thermogravimetric 

analyses data. CCDC-1843548 contains the supplementary 

crystallographic data for this paper. 

3. RESULTS AND DISCUSSION

3.1 Description of the crystal structure of 1 

Single-crystal X-ray diffraction analysis reveals that compound 1 

crystallizes in the monoclinic system, space group P21/c, which exhibits an 

infinite 1-D zig-zag chain structure. Data collection and structure 

refinement details are summarized in Table 1.  

Table 1: Crystal data collections and structure refinements for 

compound 1 

Compound 1 

Formula C20H25N6NiO5S Space group P21/c 

Fw 
520.21 Temperature 

(K) 

296(2) 

Crystal system Monoclinic V (Å)3 2290.09(14) 

a (Å) 14.6550(5) α (º) 90.00 

b (Å) 13.3943(5) β (º) 101.2370(10) 

c (Å) 11.8947(4) γ (º) 90.00 

Z 4 ρcalc (g/m3) 1.509 

F(000) 1080 μ (mm-1) 0.984 

θ range (°) 
1.42-25.10 Reflections 

collected 

11429 

Independent 

reflections (Rint) 

4083(0.0138) GOF 1.712 

Final Ra,b 

indices 

[I>2σ(I)] 

R1 = 0.0948 

wR2 = 0.3301 

R indices (all 

data) 

R1 = 0.0986 

wR2 = 0.3444 

*R1= ∑||Fo| - |Fc||/∑|F|. b wR2 = |∑w(|Fo|2 - |Fc|2)2/∑|w(F)2|1/2

There are one Nickel (II) ions, one L2− ligand, one en molecule and one 

uncoordinated DMF molecule in the asymmetric unit (Figure 2(a)). Ni1 is 

five coordinated by two oxygen atoms and three nitrogen atoms. Among 

them, there are one nitrogen atom N1 and one oxygen atom O1 from the 

quinolinol group of one L2– ligand, one one oxygen atom O2i (symmetry 

code: i, -1+x, y,z) from sulfonate group of another L2– ligand, and two 

nitrogen atoms (N6 and N7) from one en molecule to form a distorted 

rectangular pyramid geometry. N1 is the apex of the rectangular pyramid 

geometry, and O1, O2i, N6 and N7 form a plane (Figure 2(b)). The distances 

of Ni-O/N [2.311(7) – 2.370(6) Å] are comparable with those found in 

other related Nickel (II) complexes [18]. Selected bond lengths are listed 

in Table 2. 

Table 2: Bond lengths (Å) and angles (°) of compound 1 

Symmetry code: i, -1+x, y,z 

Figure 2: (a) The coordination environment of Ni1; (b) rectangular 

pyramid geometry in compound 1. (symmetry codes: i, -1+x, y,z; ii, 1+x, 

y,z. All hydrogen atoms are omitted for clarity). 

In compound 1, L2– ligand adopts μ2-tridentate mode (Figure 3) with the 

8-hydroxyquinoline group displaying bidentate chelating mode and the 

sulfonate group adopting monodentate coordination mode (Scheme 1). 

Two neighboring L2– ligands link Ni(II) cations into an infinite 1D zig-zag 

chain structure with a Ni···Ni distance of 14.655 Å. 

Figure 3: 1-D zig-zag chain structure in compound 1 

Scheme 1: The coordination mode of L2- ligand 

3.2 Powder X-Ray Diffractions 

In order to confirm the structural homogeneity of the bulk power 

materials, Power X-ray diffraction (PXRD) experiment has been carried 

out. The PXRD experimental and computer-simulated patterns are in good 

agreement with each other (Figure 4), indicating phase purity of 

compound 1. 

Figure 4: The experimental (a) and simulative (b) powder X-ray 

diffraction patterns for compound 1 

3.3 Thermogravimetric Analysis 

In order to gauge the thermal stability of compound 1, TGA was carried 

out from room temperature to 800 ºC in flowing N2 at 10 ºC min-1 (Figure 

5). For compound 1, the weight loss of 13.52% from 248 to 352 ℃ 

corresponds to the departure of free DMF molecule (calculated value is 

13.47%). The second weight loss was observed from 383 to 652 °C due to 

the removal of the ligand and en (expt. 56.64%, calcd. 56.76%). The 

residua may be NiSO4 (expt. 30.12%, calcd. 29.79%). 

3.4 Fluorescent Property 

Taking into account of the excellent fluorescent properties of azo metal 

coordination polymers, the solid fluorescence at room temperature of 

compound 1 was investigated. Compound 1 exhibits one blue fluorescent 

emission with maximum at ca. 434 nm upon excitation at 375 nm, 

comparing with free ligand that the emission band of compound 1 is 

slightly shifted. So we can know the fluorescent properties of compound 1 

may be mainly caused by the intraligand electronic transfer, which can be 

Compound 1 

Bond Dist. Bond Dist. 

Ni1-O1  2.311(7) Ni1-N1 2.350(6) 

Ni1-O2i 2.370(6) Ni1-N7 2.361(6) 

Ni1-N6 2.339(8) N2-N3 1.288(9) 

Angle (°) Angle (°) 

O1-Ni1-N1 70.9(2) O1-Ni1-N7 102.6(2) 

N6-Ni1-N7 75.6(2) N6-Ni1-O2i 78.2(2) 

N1-Ni1-O2i 94.2(2) 
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attributed to the π-π* or n-π* intraligand electronic transitions including 

the –N=N– based π-π* transition (Figure 6) [19-21]. 

Figure 5: TGA curve of compound 1 

Figure 6: Solid-state fluorescent spectrum of the H2L (a) and compound 

1 (b) at room temperature 
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