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SUPRAMOLECULAR ASSEMBLIES  

IN AN UNPRECEDENTED ASYMMETRIC  

SALAMO-BASED DINUCLEAR NICKEL(II)  

COMPLEX BEARING TWO DIFFERENT  

COORDINATION MODES 
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1
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An unprecedented dinuclear Ni(II) complex [{Ni2(L)(HL)(μ-OAc)(H2O)}2]⋅3CH3CH2OH is successfully 

synthesized by the complexation of an asymmetric salamo-based ligand (H2L) and Ni(II) acetate 

tetrahydrate and characterized by elemental analyses, UV-Vis and IR spectra, and X-ray crystallography 

analyses. Surprisingly, in the asymmetric unit of the Ni(II) complex, a fully deprotonated ligand (L)2– unit 

and a partially deprotonated ligand (HL)– unit wrapps two Ni(II) atoms, with the μ-OAc– anion bridging 

two adjacent Ni(II) atoms. The two Ni(II) atoms possess different coordination environments and twisted 

octahedral geometries. The hexacoordinated Ni(II) atom (Ni1) is located in the N2O4 donor cavity, but 

another hexacoordinated Ni(II) atom (Ni2) is located in a NO5 donor coordination environment. 

Meanwhile, a1D chain structure is formed by two N–O⋯π interactions. Hirshfeld surfaces and fluorescent 

properties are investigated. 

DOI: 10.1134/S0022476622020093 

Keywords: asymmetric salen-based ligand, Ni(II) complex, crystal structure, Hirshfeld surface analysis, 

fluorescent property. 

INTRODUCTION 

In recent years, considerable interest has been shown in the design and synthesis of polynuclear metal complexes 

from transition metal ions and organic ligands [1-3]. In particular, organometallic compounds containing N,O-donors have 

attracted much attention because of the potential use of these complexes in view of their remarkable biological activities 

[4, 5], prominent luminescent properties [8, 9], potential electrochemical properties [11, 12], as highly sensitive and selective 

fluorescent chemosensors [6, 7], excellent performance catalysts [10], and magnetic materials [13, 14]. Among them, salen-

based N2O2 donor ligands with an alkyl (–CH=N–C–X–C–N=CH–) group [15, 16] have taken a significant share of the 

library of complexes over the last few decades throughout organic and inorganic chemistry, presumably due to their synthetic 

simplicity [17, 18]. 

Salamo-based ligand is a class of compounds with an O-alkyl oxime moiety (–CH=N–O–(CH2)n–O–N=CH–) 

developed by introducing the larger electronegativity of O atoms on the basis of a salen-based ligand [15, 19]. The stability of  
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salamo-based ligands is greatly enhanced by the introduction of O atoms into the alkyl chain, and C=N bonds are not easy to 

suffer either exchange reaction or hydrolysis compared to salen-based ligands [20-23]. Owing to the ability of salamo-based 

ligands to react with transition metal ions to form a variety of metal complexes with novel homopolynuclear [24, 25] and 

heteropolynuclear [26-28] structures, this makes salamo-based ligands and their corresponding complexes have a great 

research value in the synthesis [29, 30], supramolecular structure [31-33], luminescence [34-37], and ion recognition [38-47] 

fields. 

Here, a structurally unprecedented Ni(II) complex was prepared by the reaction of the asymmetric salamo-based 

ligand H2L and Ni(II) acetate tetrahydrate. The complex has an unexpected dinuclear structure, and the structure has never 

been reported in the salamo-based Ni(II) complexes [48-50]. Thus, the structural diversity of the salamo-based complexes is 

further enriched. 

EXPERIMENTAL 

Materials and methods. 5-Nitrosalicylaldehyde (99%) and 3-methoxysalicylaldehyde (99%) were purchased from 

Alfa Aesar and used directly without further purification. Other reagents and solvents were analytical grade reagents from the 

Tianjin Chemical Reagent Factory. 

The weight was weighed on a CP225D analytical balance manufactured by Sartorius, Germany. 

Elemental analyses for the Ni(II) atom were conducted on an IRIS ER/S·WP-1 ICP atomic emission spectrometer. 

C, H, and N elemental analyses were performed on a GmbH Vario ELV3.00 automatic elemental analysis instrument. 

Melting points were measured via a microscopic melting point apparatus made in Beijing Tektronix Instruments 

Limited Company, and the thermometer was uncorrected. 
1H NMR spectra were recorded on a Bruker AVANCE DRX-400 spectrometer (Bruker AVANCE, Billerica, MA, 

USA). 

FTIR spectra were recorded on a VERTEX70 FTIR spectrophotometer, with samples prepared as KBr (4000-

400 cm–1) pellets. 

UV-Vis absorption spectra were recorded on a Shimadzu UV-2550 spectrometer. 

The X-ray single crystal structure was determined with a Bruker D8 Venture diffractometer. 

The fluorescence spectra were measured by an F-7000 FL spectrophotometer. 

Preparation of the H2L ligand. The H2L ligand was synthesized by following the method reported earlier [51]. 

Yield: 81%. M.p. 129.5-130.5 °C. Anal. calc. for C17H17N3O7 (%): C 54.40, H 4.57, N 11.20. Found (%): C 54.24, H 4.74,  

N 11.04. 1H NMR (500 MHz, CDCl3) δ 10.61 (s, 1H), 9.66 (s, 1H), 8.29 (s, 1H), 8.24 (s, 1H), 8.16 (dd, J = 9.0 Hz, 2.7 Hz, 

1H), 8.13 (d, J = 2.7 Hz, 1H), 7.04 (d, J = 9.0 Hz, 1H), 6.91 (dd, J = 7.9, 1.16 Hz, 1H), 6.85 (dd, J = 10.0 Hz, 5.6 Hz, 1H), 

6.81 (dd, J = 7.8 Hz, 1.6 Hz, 1H), 4.55-4.52 (m, 2H), 4.51-4.48 (m, 2H), 3.90 (s, 3H). 

Synthesis of the Ni(II) complex. H2L (3.75 mg, 0.01 mmol) was dissolved in 2 mL of CH2Cl2/CH3CN (V/V = 1:1), 

and then 4 mL of an EtOH solution of Ni(II) acetate tetrahydrate (2.49 mg, 0.01 mmol) was added dropwise to the above 

solution at room temperature. The mixture was stirred for 10 min. A small quantity of the precipitate appeared during this 

process, which was filtered out and kept undisturbed to crystallize at room temperature with evaporating a part of the 

solution. Then green block-shaped single crystals suitable for the X-ray crystallographic analysis were obtained within a few 

days, collected by filtration, and air dried. Yield: 45%. Anal. calc. for [{Ni2(L)(HL)(μ-OAc)(H2O)}2]⋅3CH3CH2OH 

(C78H90N12Ni4O37) (%): C 46.32, H 4.49, N 8.31, Ni 11.61. Found (%): C 46.50, H 4.25, N 8.08, Ni 11.36. 

X–ray structure determination of the Ni(II) complex. The crystal structure data for the Ni(II) complex was 

collected with graphite-monochromatized MoKα radiation (λ = 0.71073 Å) at 173 K using the Bruker D8 Venture 

diffractometer. The complex structure was solved using SHELXT by intrinsic phasing [52]; the refinement was performed in 

Olex2 with SHELXL-2018 by the least-squares minimization against F2 [53]. The non-hydrogen atoms were refined with 

anisotropic thermal parameters and the hydrogen atoms were refined with isotropic parameters. The data set was corrected for 
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Fig. 3. UV-Vis titration spectral changes of the Ni(II) complex; 
inset: absorbance at 370 nm varies with the interaction of 
[Ni2+]/[H2L]. 

 

TABLE 2. Selected Bond Lengths and Bond Angles for the Ni(II) Complex 

Bond length Distance, Å Bond length Distance, Å 

Ni1–O3 2.0501(16) Ni2–O3 2.0600(16) 

Ni1–O6 2.0176(17) Ni2–O6 2.0077(16) 

Ni1–O15 2.0823(16) Ni2–O7 2.1964(19) 

Ni1–O17 2.0328(16) Ni2–O10 2.0116(16) 

Ni1–N2 2.105(2) Ni2–O16 2.0266(16) 

Ni1–N3 2.118(2) Ni2–N5 2.035(2) 

Bond angle Value, deg Bond angle Value, deg 

O3–Ni1–O6 80.11(7) O3–Ni2–O6 80.10(7) 

O3–Ni1–O15 91.12(6) O3–Ni2–O7 86.9(2) 

O3–Ni1–O17 92.28(6) O3–Ni2–O10 96.44(7) 

O3–Ni1–N2 85.75(7) O3–Ni2–O16 91.03(7) 

O3–Ni1–N3 165.81(8) O3–Ni2–N5 104.03(8) 

O6–Ni1–O15 89.46(6) O6–Ni2–O7 77.87(6) 

O6–Ni1–O17 91.83(6) O6–Ni2–O10 91.82(7) 

O6–Ni1–N2 165.80(7) O6–Ni2–O16 88.64(6) 

O6–Ni1–N3 85.90(7) O6–Ni2–N5 175.86(8) 

O15–Ni1–O17 176.52(6) O7–Ni2–O10 88.05(7) 

O3–Ni1–O6 80.11(7) O7–Ni2–O16 84.71(7) 

O3–Ni1–O15 91.12(6) O7–Ni2–N5 98.00(7) 

O3–Ni1–O17 92.28(6) O10–Ni2–O16 172.48(7) 

O15–Ni1–N2 89.56(7) O10–Ni2–N5 88.04(7) 

O15–Ni1–N3 86.39(7) O16–Ni2–N5 90.96(7) 

O17–Ni1–N2 89.98(7) O6–Ni2–O7 77.87(6) 

O17–Ni1–N3 90.48(7) O6–Ni2–O10 91.82(7) 

N2–Ni1–N3 108.17(8) O6–Ni2–O16 88.64(6) 
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Fig. 4. X-ray crystal structure of the Ni(II) complex; hydrogen atoms and solvent molecules 
are omitted for clarity (a); coordination configurations of Ni(II) atoms in the Ni(II) complex 
(b). 

 

a twisted octahedral geometry (Fig. 4b). Meanwhile, another hexacoordinated Ni(II) atom (Ni2) is not located in the N2O2 

cavity of the ligand (HL)– unit and is surrounded by two phenolic oxygen atoms (O3 and O6) from the ligand (L)2– unit, one 

methoxy oxygen atom (O7), one oxygen atom (O16) from the μ-OAc– anion, one oxime nitrogen atom (N5), and one 

phenolic oxygen atom (O10) from the partially deprotonated (HL)– unit. Four atoms (N5, O3, O6, and O7) form a equatorial 

plane; two oxygen atoms (O10 and O16) occupy the axial positions, adopting a twisted octahedral geometry (Fig. 4b). 

In the structure of the Ni(II) complex there are five pairs of intramolecular hydrogen bonds (C25–H25B⋯O16, C8–

H8B⋯O17, C8–H8B⋯N3, C9–H9B⋯N2, and O13–H13⋯N6), which are shown in Fig. 5. 

Finally, a 2D supramolecular structure is formed by five pairs of intermolecular hydrogen bonding interactions 

(O15–H15A⋯O2, O15–H15B⋯O18, O18–H18⋯O10, C3–H3⋯O8, and C16–H16⋯O18) in the Ni(II) complex, as shown 

in Fig. 6. The intramolecular and intermolecular hydrogen bonds are the basis of the stable supramolecular structure and are 

listed in Table 3. 

 

Fig. 5. View of intramolecular hydrogen bonds of the Ni(II) complex. 
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Fig. 6. 2D supramolecular structure with intermolecular hydrogen bonding interactions in the Ni(II) complex, 
which are indicated by dashed lines; hydrogen atoms, except those forming hydrogen bonds, are omitted for 
clarity. 

 

TABLE 3. Intermolecular Hydrogen Bonding Interactions of the Ni(II) Complex 

D–H⋯A d(D–H), Å d(H–A), Å d(D–A), Å ∠(DHA), deg Symmetry code 

O13–H13⋯N6 0.84 1.92 2.648(3) 144  

O15–H15A⋯O2 0.84 2.08 2.906(3) 168 –x, 1–y, 2–z 

O15–H15B⋯O18 0.84 1.87 2.707(3) 176  

O18–H18⋯O10 0.84 1.93 2.762(3) 174  

C3–H3⋯O8 0.95 2.44 3.204(3) 137 –x, 1–y, 1–z 

C8–H8B⋯O17 0.99 2.55 3.365(3) 140  

C8–H8B⋯N3 0.99 2.50 2.895(4) 103  

C9–H9B⋯N2 0.99 2.51 2.900(3) 103  

C16–H16⋯O18 0.95 2.45 3.378(4) 165 1–x, –y, 2–z 

C25–H25B⋯O16 0.99 2.47 3.086(3) 120  
 

Two N–O⋯π (N1–O2⋯Cg1 and N4–O8⋯Cg2 (Cg1: C1–C2–C3–C4–C5–C6; Cg2: C18–C19–C20–C21–C22–C23)) 

interactions are found in the Ni(II) complex. Fig. 7 shows a 1D chain structure organized by N–O⋯π interactions in the 

Ni(II) complex. 

 

 

Fig. 7. N–O⋯π interactions of the Ni(II) complex; 
hydrogen atoms and solvent molecules are omitted for 
clarity. 
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Fig. 8. Hirshfeld surface analysis map of the Ni(II) complex. 
 

 

Fig. 9. 2D FP for various molecular interactions of the Ni(II) complex. 
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surface analysis. The Ni(II) complex has a blue shift with the maximum emission band and quenched fluorescence, as 

compared to the ligand, which is caused by LMCT when excited at 375 nm. 
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