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Abstract. A new metal complex compound [Zn2(2-hnaf)2(NO3)2 (H2O)2] was synthesized by the reaction 

between solutions of 2-hydroxy-1-naphthaldehyde (2-hnaf) and Zn(NO3)2∙3H2O in ethyl alcohol. The 

composition, molecular and crystal structures of this metal complex compound were investigated using 

X-ray structural analysis (XRD). The data obtained from XRD analysis also confirmed the presence of 

coordinated water molecules. 2-hnaf is bound to the central atom via oxygen atoms. Bond lengths OA1-

ZnA1, OA2-ZnA1 and OA2-ZnB1 (as well as bond lengths OB1-ZnB1, OB2-ZnB1 and OB2-ZnA1) are 

2.051, 2.012 and 2.073 Å, respectively. In the complex compound, the nitrate anion is also bidentately 

bonded to the central atom, with each ligand having two rings, forming a chelate with a total of four 

membered rings. Based on the obtained data, the Hirshfeld surface analysis of the complex was studied. 

The results of the surface analysis revealed that the majority of interactions are H...O/O...H (35.8%), 

H...H (24.3%), H...C/C...H (23.3%), C...C (6.3%) and O...O (4.4%). 
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1. Introduction 

 

Currently, the resistance of microorganisms to antibiotics is emerging as a serious 

medical problem on a global scale. The resistance of microorganisms to antibiotics 

significantly complicates the treatment of infections. Resistant strains overburden the 

healthcare system, increase the risk of death and reduce the effectiveness of medical 

procedures such as surgery and cancer treatment. Therefore, it is necessary to develop 

effective antimicrobial therapies, as well as optimize existing antibiotics using the 

chelation process (Lutgring et al., 2017). It is possible to synthesize new biologically 

active substances with significant effectiveness from several intermediate substances. In 

this case, due to the phenomenon of synergism, toxicity may decrease while beneficial 

properties may increase. Taking these circumstances into account, we aimed to 

synthesize mixed-ligand chelate complex compounds of 2-hydroxy-1-naphthaldehyde 

with bioactive metals and study their physicochemical properties.  

Authors report that 2-hydroxy-1-naphthaldehyde (2-hnaf) is used as an 

intermediate product in organic synthesis, as an analytical reagent for the determination 
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of palladium and beryllium and in the synthesis of adipic dihydrazones with antibacterial 

activity (Fernández & Espinosa, 1994). In medical practice, it is used for synthesizing 

drugs that inhibit bacterial cells (Parveen et al., 2020). Mixed-ligand chelate complexes 

of 2-hnaf with Cu metal were synthesized and their anti-cancer activity was studied 

(Jayamani et al., 2018). Literature reports the synthesis conditions of a new water-soluble 

metal complex of 2-hnaf with biologically active metals, as well as its molecular structure 

determined by X-ray structural analysis (XRD) (Eshkurbonov et al., 2025). Metal 

clusters of 2-hnaf have also been obtained and their physicochemical properties studied 

(Tziotzi et al., 2016). This work presents the synthesis of a new chelate complex 

compound of 2-hnaf with zinc metal, along with XRD and Hirshfeld surface analyses. 
 

2. Experimental 
 

2.1. Research Methodology 

All reagents were obtained from Company “Sigma-Aldrich” and used without 

purification. Crystal structure determination was carried out using an Oxford Diffraction 

Xcalibur-R CCD (CuKα radiation, λ=1.54184 Å, ω-scanning mode, graphite 

monochromator at 293K) (Xcalibur, 2009). The structure was solved using the SHELX-

97 software package (Sheldrick, 1997). Molecular drawings were generated using the 

MERCURY software package (Macrae et al., 2008). 
 

2.2.  Synthesis of new complex 

In this experiment, considering the low solubility of 2-hydroxy-1-naphthaldehyde 

(2-hnaf) in water, the reagents for the reaction were dissolved in 96% ethyl alcohol. A 

clear solution was prepared by dissolving the ligand 2-hnaf (0.2 mmol = 0.0344 mg) in 

5 ml of this solvent. Zn(NO3)2·3H2O (0.2 mmol = 0.0486 mg) was dissolved in ethanol 

to obtain a clear solution. The solutions were mixed in a 1:1 molar ratio (2-hnaf: 

Zn(NO3)2∙3H2O) and the resulting mixture was heated and stirred in a mechanical stirrer 

for 30-35 minutes at a temperature of 40-45°C until the solution became clear. The newly 

formed solution was left for evaporation at room temperature with the container partially 

opened. After approximately 8-10 days, colorless crystals were formed. The resulting 

crystals were washed with ethyl alcohol.  
 

2.3.  Characterization of new compound 

When studying the melting temperatures of the obtained single crystals, it was 

found that the resulting complex melted at a higher temperature (218.9°C) compared to 

the ligand (134.3°C). The molecular and crystal structure of the synthesized metal 

complex compound was studied using X-ray diffraction analysis, which proved that the 

composition of the complex is [Zn2(2-hnaf)2 (NO3)2 (H2O)2]. The reaction equation for 

the synthesized single crystal was proposed as shown in Scheme 1. 

 
Scheme 1. Synthesis of the [Zn2(2-hnaf)2 (NO3)2 (H2O)2] complex 



N.A. IZATILLAYEV et al.: SYNTHESIS, STRUCTURE AND HIRSHFELD SURFACE ANALYSIS… 

 

 
399 

 

2.4. The crystal's unit cell parameters 

 The synthesized metal complex compound of [Zn2(2-hnaf)2 (NO3)2 (H2O)2] 

composition, containing 2-hnaf and Zn (II). The crystal's unit cell parameters are as 

follows: monoclinic crystal system, space group P21/c, V=1197.13 Å3, Z=1. It was 

established that the obtained complex compound is a new chelate complex compound 

with mixed ligands of the binuclear cluster type. Its molecular and crystal structure were 

studied (Figures 1-2). 

 
 

Figure 1. Molecular structure of the [Zn2(2-hnaf)2 (NO3)2 (H2O)2] complex 

 

3. Results and discussion 

 

3.1. Structure and bond lengths of obtained complex. 

In the obtained complex, the central atom (Zn) has a distorted octahedral structure 

and is hybridized in the sp3d2 state. In the complex compound, 2-hnaf binds with the 

central atom as a bidentate ligand, leading to the formation of a six-membered chelate 

complex. 2-hnaf is connected to the central atom through oxygen atoms. Bond lengths 

OA1-ZnA1, OA2-ZnA1 and OA2-ZnB1 (as well as bond lengths OB1-ZnB1, OB2-ZnB1 

and OB2-ZnA1) are 2.051, 2.012 and 2.073 Å, respectively. In the complex compound, 

nitrate anions are also bidentately bonded to the central atom, forming a chelate with a 

four-membered ring. The bond lengths between the central atom and oxygen atoms in 

nitrate anions OA4-ZnA1 and OA5-ZnA1 (as well as bond lengths OB4-ZnB1 and OB5-

ZnB1) are 2.119 and 2.360 Å, respectively. The reason for the different bond lengths is 

that one is connected by an ionic bond, while the other is connected by a donor-acceptor 

bond. Based on ligand field theory, to saturate the primary and additional valencies of 

the central atom, one water molecule is also coordinated as a monodentate ligand. The 

bond length of OA3-ZnA1 is 2.001 Å and the oxygen atom in the water molecule is 

connected to the central atom by a donor-acceptor bond. 

In the crystal lattice of the complex compound, molecules are interconnected by 

strong intermolecular hydrogen bonds (OH...O). Additionally, the stability of the crystal 

is enhanced due to the face-to-face π-π interactions between the naphthalene rings 

(Figure 2). 
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Figure 2. Crystal structure of the complex [Zn2(2-hnaf)2 (NO3)2 (H2O)2] (hydrogen bonds are represented 

by dotted lines) 

 

3.2. Hirshfeld surface of the complex 

The Hirshfeld surface analysis of the new complex compound, obtained based on 

X-ray diffraction data, was carried out using Crystal Explorer 17.5 software (Turner et 

al., 2017). The Hirshfeld surface analysis according to dnorm showed a volume of 589.64 

Å3, surface area of 482.45 Å2 and dimensions ranging from -0.6386 (red) to 1.3904 a.u. 

(blue). The external (de) and internal (di) distances to the nearest nucleus were 

determined. On the Hirshfeld surface, points with low interaction contribution are 

indicated in blue, while points with high interaction contribution are shown in red (Figure 

3). 

 

 
 

Figure 3. Strong interactions on the Hirshfeld surface of the complex [Zn2(2-hnaf)2 (NO3)2 (H2O)2] 

 

Analysis of the two-dimensional fingerprint region plots revealed that H...O/O...H, 

H...H, and H...C/C...H interactions contribute the most to the Hirshfeld surface. In the 

complex compound, H...O/O...H interactions account for 35.8%, H...H for 24.3%, and 
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H...C/C...H for 23.3%, which is expected for molecules dominated by oxygen atoms 

(Figure 4). 

 

   

   

   

 
Figure 4. Two-dimensional fingerprint area mapped according to dnorm, representing intermolecular 

interactions in the crystal of the [Zn2(2-hnaf)2(NO3)2 (H2O)2] complex 

 

In the [Zn2(2-hnaf)2(NO3)2(H2O)2] complex, among the remaining interactions, 

C...C (6.3%), O...O (4.4%), O...C/C...O (3.4%) and H...N/N...H (2.3%) interactions are 

also significant, while the contributions of N...N (0.1%) and N...O/O...N (0.1%) 

interactions are less significant. The two-dimensional fingerprint area mapped according 

to dnorm, representing these interactions, is shown in Figure 4 and the diagram illustrating 

the contribution of interactions is presented in Figure 5. 
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Figure 5. Hirshfeld fingerprint diagram of the [Zn2(2-hnaf)2 (NO3)2 (H2O)2] complex 

 

 
Figure 6. π‒π face-to-face interactions on the three-dimensional Hirshfeld surface mapped according to 

the Shape Index in the [Zn2(2-hnaf)2 (NO3)2 (H2O)2] complex 

 

If there is an aromatic ring in the molecule of a complex compound, a π‒π face-to-

face interaction of the rings is observed. These π‒π face-to-face interactions increase the 

stability of the crystal system (Figure 6). The presence of π‒π face-to-face interactions 

between aromatic rings in the molecule was determined by X-ray diffraction and in the 

Platon program, it was proven that the distance between the intersections is 3.864 (2) Å 

(Rasulov et al., 2024). In these studies, complex compounds of organic ligands with 

colored metal ions were mainly studied. However, the authors (Eshkurbonov & Safarova, 

2024) also synthesized polymeric ligands containing functional groups and selective for 

precious metal ions and due to their macromolecular structure, the possibility of 

conducting the above research work is limited. 

 

4. Conclusion 

 

As a result of the conducted research, 2-hnaf's complex compound with zinc nitrate 

trihydrate was synthesized. The optimal conditions for synthesis were demonstrated. The 
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composition, molecular and crystal structures of the new complex compound were 

determined using X-ray diffraction.  

It was determined that the central atom in the complex is hybridized in the sp3d2 

state and has a distorted octahedral structure. It was found that the analyzed metal 

complexes in the crystal cell cause an increase in the strength of the crystal due to strong 

intermolecular hydrogen bonds and π-π face-to-face interactions in the aromatic part of 

the quinoline ring.  

Analysis of two-dimensional fingerprint region diagrams obtained using the 

functions de and di, which indicate the presence of intermolecular π-π interactions and 

the contribution of individual interactions to the formation of crystal packing, as well as 

Hirshfeld surface analysis, revealed that H...O/O...H (35.8%), H...H (24.3%) and 

H...C/C...H (23.3%) interactions contribute the most to the Hirshfeld surface area. 

 

References 

 
Eshkurbonov, F.B., Izatillayev, N.A., Rasulov, A.A., Ashurov, J.M. & Safarova, E.R. (2025). 

Physico-chemical studies of mono-aqua-coordinated copper-based bis 

(hydroxynaphthaldehyde) complex. New Materials, Compounds and Applications, 9(1), 

134-141. https://doi.org/10.62476/nmca.91134    

Eshkurbonov, F.B., Safarova, E.R. (2024). Extraction of silver ions by complex-forming ionites 

based on epichlorohydrin and thiourea. In AIP Conference Proceedings, 3244, 050018. 

AIP Publishing. https://doi.org/10.1063/5.0241890  

Fernández-G, J.M., Espinosa-Pérez, G. (1994). The crystal and molecular structures of 2-

hydroxy-1-naphthalenecarboxaldehyde and 3-hydroxy-2-

naphthalenecarboxaldehyde. Journal of Chemical Crystallography, 24(2), 151-154. 

https://doi.org/10.1007/BF01833672  

Jayamani, A., Bellam, R., Gopu, G., Ojwach, S.O. & Sengottuvelan, N. (2018). Copper (II) 

complexes of bidentate mixed ligands as artificial nucleases: Synthesis, crystal structure, 

characterization and evaluation of biological properties. Polyhedron, 156, 138-149. 

https://doi.org/10.1016/j.poly.2018.09.011  

Lutgring, J.D., Granados, C.A.D. & McGowan Jr, J.E. (2017). Antimicrobial resistance: an 

international public health problem. In Antimicrobial Drug Resistance: Clinical and 

Epidemiological Aspects, 2, 1519-1528. Cham: Springer International Publishing. 

Macrae, C.F., Bruno, I.J., Chisholm, J.A., Edgington, P.R., McCabe, P., Pidcock, E., ... & Wood, 

P.A. (2008). Mercury CSD 2.0-new features for the visualization and investigation of 

crystal structures. Applied Crystallography, 41(2), 466-470. 

Parveen, S., Fatima, K., Zehra, S. & Arjmand, F. (2020). RNA-targeted Cu (II) -based potential 

antitumor drug entity: Comprehensive structural, biological {DNA/RNA binding, 

cleavage, cytotoxicity} and computational studies. Journal of Biomolecular Structure and 

Dynamics, 39(16), 1-14. https://doi.org/10.1080/07391102.2020.1797535  

Rasulov, A.A., Tashpulatov, T.A., Suyunov, J.R., Yeshimbetov, A.G. & Ashurov, J.M. (2024). 

Synthesis and Hirshfeld surface analysis of the organic salt of norfloxacin with acetate 

anion. Journal of Chemistry of Goods and Traditional Medicine, 3(1), 79-96. 

https://doi.org/10.55475/jcgtm/vol3.iss1.2024.254  

Sheldrick, G.M. (1997). SHELXS-97 and SHELXL-97, Program for crystal structure solution 

and refinement. University of Göttingen, Göttingen. 

Turner, M.J., McKinnon, J.J., Wolff, S.K., Grimwood, D.J., Spackman, P.R., Jayatilaka, D. & 

Spackman, M.A. (2017). CrystalExplorer17. University of Western Australia. 

http://Hirshfeldsurface.net  

https://doi.org/10.62476/nmca.91134
https://doi.org/10.1063/5.0241890
https://doi.org/10.1007/BF01833672
https://doi.org/10.1016/j.poly.2018.09.011
https://doi.org/10.1080/07391102.2020.1797535
https://doi.org/10.55475/jcgtm/vol3.iss1.2024.254
http://hirshfeldsurface.net/


NEW MATERIALS, COMPOUNDS AND APPLICATIONS, V.9, N.2, 2025 

 

 
404 

 

Tziotzi, T.G., Siczek, M., Lis, T., Inglis, R. & Milios, C. J. (2016). Two unique star-like [Mn IV 

Mn III2 Ln III] clusters: Magnetic relaxation phenomena. RSC Advances, 6(51), 45326-

45329. https://doi.org/10.1039/C6RA09066D  

Xcalibur, C.C.D. (2009) Oxford Difraction Ltd. CrysAlisPro. Version 1.171.33.44.  

 

 

 

 

https://doi.org/10.1039/C6RA09066D

