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A B S T R A C T   

A Schiff base complex of nickel, bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel 
(II) was synthesised by condensing bis(2-hydroxy-3-methoxybenzaldehyde) nickel (II) and n- 
propylamine in methanolic medium. Single crystal X-ray diffraction analysis of the complex 
revealed it to possess planar geometry with a monoclinic crystal system. The non-isothermal TG/ 
DTA runs on this complex in a high purity (99.99 %) nitrogen environment at atmospheric 
pressure confirmed the absence of any coordinated water. A sharp endotherm in its DTA shows a 
melting temperature range of 168–171 ◦C. It is thermally stable up to 243 ◦C and decomposes in 
two steps, yielding NiO and carbon as residue. In addition to the methoxy group (-OCH3), infrared 
analysis (IR) confirmed the presence of the characteristic azomethine group (-C––N-) which is also 
responsible for the biological action. It was further analysed by elemental analyser (C, H, N), 1H 
and 13C NMR as well as mass spectrometry. It showed considerable antibacterial activity towards 
Escherichia coli and Staphylococcus aureus when the concentration exceeds 200 μg/ml. The anti-
fungal study shows significant inhibition with the antifungal drug imidazole as a positive control 
(PC). Small values of MIC, MBC/MIC indicate a lesser quantity of complex is required to inhibit 
the growth of micro-organisms.   

1. Introduction 

Schiff base complexes of nickel with varying structural features exhibit variety of applications in various fields such as catalytic, 
biological and nanomaterials preparation. The modular synthesis of Schiff base complexes of various metals allows one to control the 
nature of donor atoms (N, O) [1] in the coordination sphere, denticity, chelating ability, steric and thermal properties [2]. Schiff bases 
complexes are among the most widely studied compounds for over several decades as they show a wide range of applications such as in 
food industry [3], as dye [4,5], polymer stabilizers [6,7], intermediates in organic synthesis [8,9], catalysis [10,11], chemo-sensors 
[12] and in pigments [10,13]. In addition, Schiff base complexes show excellent catalytic activities for organic transformations re-
actions [14,15], electroluminescent properties [16], biological activities such as antibacterial [17], antifungal [18,19], 
anti-inflammatory activities [20], as urease inhibitors [21], optical properties [22,23], chromotropic behaviour [24] and precursors 
for chemical vapour deposition (CVD) [25–27]. 
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In the past decades, coordination chemistry has seen a huge growth in novel reactions and complexes and as a result of which 
chemists are now able to fine-tune the coordination sphere of a metal to prepare the desired complexes for various applications. The 
azomethine (-C––N–R) group present in the coordination sphere of the Schiff base complex instead of keto (-C––O) or aldehyde (-CHO) 
play a crucial role for them to exhibit a broad range of biological activities [28–30] and thermal stability [2]. 

Evaluation of thermal stability and physicochemical properties is essential for any compound to be used in biomedical applications 
[31]. Thermogravimetric analysis (TGA) is a powerful analytical tool to investigate and predict the thermal stability, and shelf-life of 
biologically active compounds in pharmaceutical, food, environmental field etc., under controlled conditions of temperature and 
atmosphere [32]. The importance of thermal analysis of newly developed biologically active compounds or drugs stems from the fact 
that they require appropriate storage conditions [33]. In addition, TGA is widely used in pharmaceutical field to assess the compat-
ibility of active pharmaceutical ingredients (API) and excipient, moisture content [34] and sterilisations condition [35]. Thermal 
analysis can also provide theoretical support for the preparation and process optimisation of such compounds. Among the various 
nickel compounds studied for biological activity, the Schiff base complex of nickel containing the ligand, bis 
{(2-methoxy-6-[(E)-(propylimino)methyl]phenol have never been described. 

As a result, we present here for the first time the single crystal X-ray diffraction, FTIR, NMR, C, H, N analysis, mass spectrometry, 
TG/DTA, biological, minimum inhibition concentration (MIC) and Minimum bactericidal concentration (MBC) studies on the 
mononuclear bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) complex. 

2. Experimental 

2.1. Materials and syntheses 

The chemicals, 2-hydroxy-3-methoxybenzaldehyde (Merck), NiCl2⋅6H2O (Merck) and n-propylamine, methanol, ethanol, liq- 
ammonia (all from SD fine, India) were used as received without any further purification. The preparation of the title compound 
was carried out by slightly modifying the reported procedure [36,37]. First, a parent compound of bis 
(2-hydorxy-3-methoxybenzaldehyde) nickel (II) was prepared as prescribed here. NiCl2.6H2O (1.2 g) was dissolved in 10 cm3 of 
water, and 1.5 g of 2-hydroxy-3-methoxybenzaldehyde in 10 cm3 of absolute ethanol was added drop-wise under constant stirring in a 
1 : 2 mol ratio. To this reaction mixture, liq. ammonia (1 cm3) was added drop-wise by continuously monitoring the formation of a 
greenish yellow precipitate. This precipitate (Scheme 1) was digested at 60 ◦C, over a water bath for 0.5 h. It was filtered, washed with 
ethanol several times and dried under vacuum overnight before being employed in the second stage. The yield was found to be 76 %. 
For the preparation of Schiff base complex, bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II), 1 mL of n-propylamine 
was added dropwise to a warm suspension of 0.3–0.5 g of bis(2-hydorxy-3-methoxybenzaldehyde)nickel(II) in aqueous methanol at 
40 ◦C over a water bath until the solution turned olive green. The reaction mixture was then carefully transferred into an RB flask and 
refluxed for 0.5 h. The resulting olive-green crystals were filtered, washed with ethanol and vacuum dried overnight. These crystals 
were recrystallised several times from methanol and were used for single crystal analysis. 

The Schiff base compound was characterised further and the spectral characterisation results are summarised below. 

Scheme 1. Synthesis of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II).  
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Tmp: 168–171 ◦C. Anal. calcd. for C22H28O4N2Ni (M = 443.2 g mol− 1, Ni: 13.2 %), (%): C, 59.56; H, 6.31; N, 6.31. Found (%): C, 
60.01; H, 6.91; N, 6.80. δH, 1H NMR (25 ◦C, 500 MHz, CDCl3): 10.17 (s, 2H, N––HC-C6H5), 7.26–6.29 (m, 6H, 2C6H3), 4.26–4.29 (s, 4H, 
N–H2C–C2H5), 3.72 (s, 6H, H3C–O–C6H5), 1.88–1.95 (m, 4H, N–CH2–H2C–CH3), 0.97–1.00 (s, 6H, N–C2H4–H3C). 

δC, 13C NMR (25 ◦C, 500 MHz, CDCl3): 163.28 (s, –CH–C6H5), 149.62 (s, –C6H5), 122.65–111.84 (m, C6H5), 60.62–55.44 (s, -N- 
CH2C2H5), 26.81 (s, N–CH2–CH2–CH3), 11.36 (s, N–C2H4CH3). CDCl3 peaks at 76.82–77.33. FTIR (KBr pellet), cm− 1, 2830–3003 (νC- 

H), 1616 ν(C––N), 1439, 1455,1552 ν(C––C), 1354 ν(phenolic C–O), 528 ν(Ni–N), 458 ν(Ni–O). Mass, (L: [CH3O–C6H5(O)CHN(C3H7)]+, 
(Fragments, m/z), ([NiL2]+, 443), ([L]+, 194), ([NiL3]+, 636), ([NiL4]+, 885). Crystallized in a monoclinic system, space group P 21/c, 
with a = 10.77647(7) Å, b = 7.3599(4) Å, c = 13.7225(7) Å, β = 91.009(2)o, α = γ = 90o, Z = 2, R1 = 0.0584, wR2 = 0.1006. 

2.2. Physical characterization 

The crystal structure analysis of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) was done by using Bruker APEX 
2 CCD diffractometer equipped with ω and φ scan mode with Mo Kα (λ = 0.71073 Å) at T = 298(2) K. The Crystal structure was solved 
by SHELXL 2014/7 using the direct method and the refinement was performed by full matrix least squares of F2 [38]. SAINT and 
SADABS programs were used to correct the data for Lorentzian, polarisation and absorption effects. EURO VECTOR EA 3000 was used 
for elemental analysis. Nicolet iS10-FTIR spectrometer was used for IR analysis in the range of 4000 - 450 cm− 1. NMR and mass 
spectral data were acquired by using Bruker Avance III 500 spectrometer and JMS-T100LC Accu ToF respectively. Thermal analysis 
was carried out using a Hitachi (model 7200) TG/DTA by passing a purge gas of high pure inert N2 of 200 ml/min at a heating rate of 
10 ◦C/min. 

2.3. Anti-bacterial and anti-fungal study 

Agar well diffusion method was used for testing the antimicrobial activity. Three different concentrations of 100 μg/ml, 200 μg/ml 
and 300 μg/ml prepared using DMSO were used for evaluating the effect on test organisms such as Escherichia coli and Staphylococcus 
aureus by well diffusion method. The test cultures were inoculated in a sterile Nutrient broth and allowed to attain the growth for 
24–48 h. Sterile Mueller-Hinton Agar plates were prepared and allowed to solidify. Swabs were used to evenly spread 0.1 % inoculum 
suspensions of the test organism over the agar surface in each case. On the agar surface of each NA plate, 6 mm wells were cut while 
maintaining sterility. The wells were filled with about 20 μl of each concentration, and the plates were then incubated for 24 h at 37 ◦C. 
In all of the inoculated NA plates, the antimicrobial activity was measured in terms of the zone of inhibition surrounding the wells. The 
millimetre measurements and records of the inhibition clear zones were made. The resultant zones were contrasted with the strep-
tomycin positive and DMSO negative controls. 

To study antifungal activity, imidazole was selected as positive antifungal agent (PC) and DMSO was used as negative control (NC). 
Each sample was evaluated against the test organisms by well diffusion method. All the test cultures (Aspergillus niger and Candida 
albicans) were inoculated in a sterile nutrient broth (Annexure 1) and allowed to attain the growth for 24–48 h. Sterile Mueller-Hinton 
agar (Annexure 1) plates were prepared and allowed to solidify. About 0.1 % inoculum suspensions of the test organism (Aspergillus 
niger and Candida albicans) were swabbed uniformly over the agar surface separately. Under sterile conditions, 6 mm wells were cut on 
the agar surface of each NA plates. About 20 μl of each sample was loaded into the well and the plates were incubated at 37 ◦C for 24 h. 
The antifungal activity was evaluated in terms of zone of inhibition around the wells in all the inoculated NA plates. The inhibition 
clear zones were measured and recorded in millimetre. All the values were compared with positive control and negative control. 

Fig. 1. ORTEP diagram drawn with 30 % probability of ellipsoid for bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II).  
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3. Results and discussion 

3.1. Synthesis and crystal structure of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) 

Bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) was prepared by treating n-propylamine with bis(2-hydroxy-3- 
methoxybenzaldehyde)nickel (II) as shown in Scheme 1, resulting in the coordination of azomethine group (-C––N–R) with the 
nickel centre. The olive-green needle type crystals of this complex were analysed by single crystal-X-ray diffraction. The ORTEP di-
agram is shown in Fig. 1 and the crystal data summary is given in Table 1. Table 2 shows the specified bond lengths (Ǻ) and angles (o). 
The bidentate ligand is linked to nickel through one phenolato-O and one imine-N donor sites in trans-positions to each other in the 
coordination sphere of nickel and the nickel is situated on inversion centres (NiN2O2) to form a distorted square plane [39]. The sp2 - 
hybridization and centre of symmetry (i) of the two nitrogen atoms around nickel has led to the planar geometry of the coordination 
sphere with the sum of bond angles of (O(1)–Ni(1) - O#(1) and N(1)–Ni(1) - N#(1)) to 360◦ (Table 2) which is same as few other 
complexes of nickel reported earlier [40]. When compared to its parent compound without nitrogen coordination, the increase in 
covalent nature could be attributed to a decrease in bond length of Ni(1)–O(2) from 2.03 to 1.915(2) Ǻ (Ni(1)–N(1)) as a result of 
nitrogen coordination [41]. The bond angle of Ni(1)–N(1)–C(8) is 120.84 (20)o and the rotational motion [42] of n-propyl group block 
the water molecules (c.f. Scheme 1) from coordinating to nickel which resulted in a coordinatively saturated bis 
{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II). The packing patterns are given in Fig. 2a and b showing no in-
teractions between molecules. The absence of intermolecular hydrogen bonds and intermolecular π … π interactions within in the wan 
der walls radii, indicates that the crystal packing (Fig. 2a and b) was essentially formed by weak van der waals forces and non-covalent 
interactions. The ligand-molecular arrangement and anti-parallel arrangement of the molecular planes show a one-dimensional chain 
along the crystallographic a-axis (Fig. 2a). The basal plane of the square plane is bound by two N atoms from (-C––N) and two O atoms 
from the phenolic group forming a tetradentate N2O2-donor, bis-Schiff base complex, thus forming two six membered chelate rings [Ni 
(1)–N(1)–C(7)–C(5)–C(6)–O(1)] and [Ni(1)–N(1)’ - C(7)’ - C(5)’ - C(6)’ - O(1)’] as shown in Fig. 3. 

3.2. TG/DTA study 

The TG/DTA study reveals the physico-chemical properties such as thermal stability/resistivity, decomposition temperature, 

Table 1 
Crystal data and structure refinement for bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato} 
nickel(II).  

Crystal data 

Identification code Ni(3meO-salPrN)2 

Empirical formula C22 H28 N2 NiO4 

Formula weight 443.17 
Temperature 293(2) K 
Wavelength 0.71073 Å 
Crystal system Monoclinic 
Space group P21/c 
Unit cell dimensions   

a = 10.7647(7) Å  
b = 7.3599(4) Å  
c = 13.7225(7) Å  
α = 90◦.  
β = 91.009(2)◦.  
γ = 90◦. 

Volume 1087.03(11) Å3 
Z 2 
Density (calculated) 1.354 Mg/m3 
Absorption coefficient 0.922 mm-1 
F(000) 468 
Crystal size 0.350 × 0.300 × 0.250 mm3 

Theta range for data collection 2.969–25.998◦ . 
Index ranges − 11 ≤ h<=13, − 9 ≤ k<=9, − 16 ≤ l<=16 
Reflections collected 11080 
Independent reflections 2130 [R(int) = 0.0373] 
Completeness to theta = 25.242◦ 99.9 % 
Absorption correction Semi-empirical from equivalents 
Max. and min. transmission 0.796 and 0.720 
Refinement method Full-matrix least-squares on F2 
Data/restraints/parameters 2130/0/133 
Goodness-of-fit on F2 1.110 
Final R indices [I > 2sigma(I)] R1 = 0.0392, wR2 = 0.0864 
R indices (all data) R1 = 0.0584, wR2 = 0.1006 
Largest diff. peak and hole 0.529 and − 0.276 e.Å-3  
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melting point, presence/absence of water of hydration in the coordination sphere etc., of the biologically active metal chelates [43]. 
The non - isothermal TG/DTA pattern of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) is reproduced in Fig. 4. No 
detectable endothermic peak was obtained from DTA (Fig. 4) till 100 ◦C indicating the absence of water molecules. Thus, the coor-
dination sphere formed by the azomethine (-C––N–R) group coordinating to nickel atom had not only improved the thermal stability 
but the rotational motion of n-propyl group also prevented water molecules from approaching the nickel centre [44]. It melts at 
temperatures ranging from 168 to 171 ◦C, as evidenced by a sharp endo in the DTA curve (Fig. 4) and no corresponding weight loss in 
the TG curve. The solid phase is stable from 40 to 168 ◦C and the liquid phase is stable from 171 to 443 ◦C before decomposing. As seen 
from its TG curve, it loses only 2 % of its weight between 40 and 243 ◦C demonstrating its thermal stability even after melting and 

Table 2 
Selected Bond lengths [Å] and angles [◦] for bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II).  

Bond [Å] Bond [◦] 

N(1)–Ni(1) 1.915(2) C(7)-N(1)-Ni(1) 123.0(2) 
O(1)–Ni(1) 1.830(2) C(8)-N(1)-Ni(1) 120.84(18) 
(C6)–O(1) 1.304(3) O(1)-Ni(1)-O(1)# 180.00(13) 
C(7)–N(1) 1.286(3) N(1)#-Ni(1)-N(1) 180.00(11) 
(C5)–C(6) 1.403(4) C(2)-C(1)-O(2) 124.9(3) 
C(5)–C(7) 1.432(4) C(2)-C(1)-C(6) 120.7(3) 
C(8)–N(1) 1.477(3) O(2)-C(1)-C(6) 114.4(3) 
C(1)–C(2) 1.371(4) C(1)-C(2)-C(3) 121.0(3) 
C(1)–O(2) 1.371(4) C(4)-C(5)-C(6) 120.4(3) 
C(1)–C(6) 1.418(4) C(4)-C(5)-C(7) 119.8(3) 
C(2)–C(3) 1.397(5) C(6)-O(1)-Ni(1) 126.08(18) 
C(3)–C(4) 1.365(4) C(1)-O(2)-C(11) 118.0(3) 
C(4)–C(5) 1.399(4) O(1)-C(6)-C(5) 123.9(3) 
C(8)–C(9) 1.505(5) C(5)-C(6)-C(1) 117.6(3) 
C(9)–C(10) 1.518(5) N(1)-C(7)-C(5) 126.7(3) 
C(11)–O(2) 1.390(4) C(7)-N(1)-C(8) 116.1(2)  

Fig. 2a. Packing pattern along a-axis does not show any intermolecular interactions.  
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subsequently decomposes in two steps. The loss of two fragmented ligand moieties [C6H4(OCH3)CH––N(CH2-)] could be attributed to 
the experimental weight loss of 68 % (calc.: 67.2 %) in the temperature range of 243–373 ◦C [45,46]. This was followed by a gradual 
trailing step caused by the removal of residual organic moieties, resulting in a greenish black end residue of NiO/C at 519 ◦C (exp.:17 
%, calcd.: 16.86 %), as reported earlier for a similar type of complexes [46–49] under inert N2 environment. 

3.3. Anti-bacterial and anti-fungal study 

The results on antibacterial performance are presented in Table 3. Among three concentrations taken for the study, 100 μg/ml did 
not show any activity against two test bacteria (Escherichia coli and Staphylococcus aureus). The 200 μg/ml concentration showed 
inhibition zones 19 mm and 20 mm against both test bacteria. The 300 μg/ml concentration showed more antibacterial activity in 
terms of inhibition zones of about 21 mm and 22 mm against Escherichia coli and Staphylococcus aureus respectively. The zones are 
almost similar to standard antibiotics which were about 22 mm and 23 mm for the respective organisms. These results obtained are 
comparable with the reported results of a similar complex of 2 – hydroxy – 3 – methoxy-benzaldehyde [50]. 

The complex was screened for its anti-fungal activity against Aspergillus niger and Candida albicans. Imidazole was selected as the 
positive antifungal agent (PC) and DMSO was used as negative control (NC). The disc diffusion assay data and the minimum inhibition 

Fig. 2b. Packing pattern along b-axis.  

Fig. 3. Six membered chelate ring formed by the Schiff base ligands in bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II).  
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concentration (MIC) and minimum bactericidal concentration (MBC) results were recorded and are given in Table 4. Among the three 
samples, the zone of inhibition was measured almost similarly ranging from 19 mm to 22 mm. The obtained results were found 
significant as the inhibitory zones were comparatively good with a positive control antifungal agent (Imidazole). It is found to be more 
bactericidal towards gram-positive that are tested. Such a selective activity was observed by Ishak et al. [51] for mixed ligand type 
Schiff base complex of nickel. 

The nickel complex was observed to exhibit better antibacterial activity than the un - chelated Schiff base compounds (ligands) 
suggesting that the metal ions reduce the polarity of the compounds through the partial sharing of positive charge with the donor 
atoms such as N and O of Schiff bases [52]. Hence, p - electron delocalisation upon chelation increases the lipophilic character of the 
central metal atom which allows nickel complexes to permeate strongly to enter the permeable membrane of the bacterial strains [53]. 
Thus, imine-based (-C––N–R) (R = alkyl, aryl groups) nickel complexes show better antibacterial activity than the complexes con-
taining only aldehyde - based ligands [54]. The complex studied here seemed to be more bactericidal towards the gram-positive 
bacteria tested. The complex has small MIC and MBC values against a Staphylococcus aureus positive bacterium, suggesting that 
only small amounts of the metal complex were required to inhibit/kill the growth of the micro - organism as observed earlier for a 
similar type of complexes [55]. Similarly, it has a small MIC and MFC against Candida albicans fungi (Table 5) suggesting that a small 
quantity was sufficient to inhibit the growth of fungi micro-organism as well. The biological activity results obtained for this compound 
were compared with the literature data (Table 6 and references therein Refs. [56–61]), demonstrating its potential as a therapeutic 
agent. According to previous and current findings, cell growth suppression may be caused by azomethine linkage, atoms present in 
Schiff base ligands and metal centre. Thus, the azomethine linkage of Schiff base ligands plays crucial roles in several pharmacological 

Fig. 4. TG/DTA pattern of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) recorded at a linear heating rate of 10 
◦

C/min in N2 
environment. 

Table 3 
Antibacterial activity of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) using agar well diffusion method.  

S. No. Samples Zone of Inhibition (in mm) 

centerSamples E. coli S. aureus 

1 1 (100 μg/ml) 0 0 
2 2 (200 μg/ml) 19 20 
3 3 (300 μg/ml) 21 22 
4 PC (Streptomycin, 4 μg/ml) 22 23 
5 NC (DMSO) 0 0 

PC- Positive control, NC-Negative control. 

Table 4 
Antifungal activity of bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) using agar well diffusion method.  

S. No. Samples Zone of Inhibition (in mm) 

Sample  A. niger C. albicans 

1 NC (DMSO) 0 0 
2 PC (Imidazole) 23 22 
3 S (Sample) 20 21 

PC- Positive control, NC-Negative control. 
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properties of complexes in the medical field [62]. 

4. Conclusion 

A distorted square planar Schiff base complex, bis{(2-methoxy-6-[(E)-(propylimino)methyl]phenolato}nickel(II) was prepared and 
screened for its thermal stability and biological activity. The spectral analysis confirmed the coordination of phenolic oxygen and 
azomethine nitrogen to nickel atoms. The X - ray crystal structure determination revealed the complex to crystallise in a monoclinic 
crystal system with a square planar geometry. The n-propyl and methoxy groups have arranged in transposition to each other and show 
out of plane arrangement. The presence of the azomethine group (-C––N–R) which is bonded to nickel contributes in the redistribution 
of charge on the complex which enhances the biological activity and thermal stability. The complex shows good thermal stability till 
243 ◦C which is a desirable property for any biologically active ingredients. The nickel complex showed better antibacterial activity 
when the concentration was increased from 100 μg/ml to 300 μg/ml for Escherichia coli and Staphylococcus aureus. It was found to show 
a selective bactericidal activity towards gram-positive. The small MIC and MFC indicate only a little amount of this complex is required 
to kill the bacteria. 
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[20] Â. de Fátima, C. de P. Pereira, C.R.S.D.G. Olímpio, B.G. de Freitas Oliveira, L.L. Franco, P.H.C. da Silva, Schiff bases and their metal complexes as urease 
inhibitors – a brief review, J. Adv. Res. 13 (2018) 113–126, https://doi.org/10.1016/j.jare.2018.03.007. 

[21] J. Jia, Y. Li, J. Gao, A series of novel ferrocenyl derivatives: schiff bases-like push-pull systems with large third-order optical responses, Dyes Pigments 137 
(2017) 342–351, https://doi.org/10.1016/j.dyepig.2016.11.008. 

[22] C.R. Nayar, R. Ravikumar, Review: second order nonlinearities of Schiff bases derived from salicylaldehyde and their metal complexes, J. Coord. Chem. 67 
(2014) 1–16, https://doi.org/10.1080/00958972.2013.864759. 

[23] J.J. Kaylor, T. Xu, N.T. Ingram, A. Tsan, H. Hakobyan, G.L. Fain, G.H. Travis, Blue light regenerates functional visual pigments in mammals through a retinyl- 
phospholipid intermediate, Nat. Commun. 8 (2017) 16, https://doi.org/10.1038/s41467-017-00018-4. 

[24] K. Miyamoto, M. Sakamoto, C. Tanaka, E. Horn, Y. Fukuda, Syntheses, structures, spectroscopic properties, and thermal behavior of nickel(II) mixed-ligand 
complexes with N,N,N′,N′- tetramethylethylenediamine, benzoylacetonate, and a halide anion, Bull. Chem. Soc. Jpn. 78 (2005) 1061–1071, https://doi.org/ 
10.1246/bcsj.78.1061. 

[25] M. Chandrakala, S. Raj Bharath, T. Maiyalagan, S. Arockiasamy, Synthesis, crystal structure and vapour pressure studies of novel nickel complex as precursor for 
NiO coating by metalorganic chemical vapour deposition technique, Mater. Chem. Phys. 201 (2017) 344–353, https://doi.org/10.1016/j. 
matchemphys.2017.08.056. 

[26] S. Arockiasamy, P.A. Premkumar, O.M. Sreedharan, C. Mallika, V.S. Raghunathan, K.S. Nagaraja, TG/DTA-based techniques for the determination of 
equilibrium vapour pressures of N,N-propylenebis(2,4-pentanedion-iminoato)nickel(II) for CVD applications, J. Mater. Sci. 41 (2006) 3383–3390, https://doi. 
org/10.1007/s10853-005-5346-5. 

[27] G.I. Zharkova, S.I. Dorovskikh, S.V. Sysoev, I.P. Asanov, A.V. Panin, N.B. Morozova, I.K. Igumenov, O,N-coordinated Ni(II) beta-diketonate derivatives: 
synthesis, thermal properties, MOCVD applications, Surf. Coating. Technol. 230 (2013) 290–296, https://doi.org/10.1016/j.surfcoat.2013.06.097. 

S. Sindhu and S. Arockiasamy                                                                                                                                                                                      

https://doi.org/10.1016/j.heliyon.2024.e24108
https://doi.org/10.1016/j.matchemphys.2008.09.076
https://doi.org/10.1016/j.matchemphys.2008.09.076
https://doi.org/10.1016/j.molstruc.2022.134189
https://doi.org/10.1016/j.molstruc.2022.134189
https://doi.org/10.3390/s17010144
https://doi.org/10.1016/j.dyepig.2018.05.032
https://doi.org/10.1016/j.dyepig.2018.05.032
https://doi.org/10.15671/HJBC.2017.142
https://doi.org/10.1016/j.eurpolymj.2007.07.037
https://doi.org/10.3390/molecules22091506
https://doi.org/10.1039/c8dt02278j
https://doi.org/10.1039/c5ob02529j
https://doi.org/10.1016/j.jorganchem.2016.08.023
https://doi.org/10.1016/j.jorganchem.2016.08.023
https://doi.org/10.1364/ol.38.002373
https://doi.org/10.1016/j.poly.2015.04.005
https://doi.org/10.1021/bi300157r
https://doi.org/10.1016/j.jorganchem.2017.11.022
https://doi.org/10.1016/j.poly.2013.08.056
https://doi.org/10.1016/j.molstruc.2021.130112
https://doi.org/10.1016/j.molstruc.2021.130112
https://doi.org/10.1016/j.ica.2021.120415
https://doi.org/10.1016/j.matpr.2020.06.126
https://doi.org/10.1016/j.matpr.2020.06.126
https://doi.org/10.1016/j.cbi.2017.11.014
https://doi.org/10.1016/j.jare.2018.03.007
https://doi.org/10.1016/j.dyepig.2016.11.008
https://doi.org/10.1080/00958972.2013.864759
https://doi.org/10.1038/s41467-017-00018-4
https://doi.org/10.1246/bcsj.78.1061
https://doi.org/10.1246/bcsj.78.1061
https://doi.org/10.1016/j.matchemphys.2017.08.056
https://doi.org/10.1016/j.matchemphys.2017.08.056
https://doi.org/10.1007/s10853-005-5346-5
https://doi.org/10.1007/s10853-005-5346-5
https://doi.org/10.1016/j.surfcoat.2013.06.097


Heliyon 10 (2024) e24108

10

[28] K. Sztanke, A. Maziarka, A. Osinka, M. Sztanke, An insight into synthetic Schiff bases revealing antiproliferative activities in vitro, Bioorg. Med. Chem. 21 (2013) 
3648–3666, https://doi.org/10.1016/j.bmc.2013.04.037. 

[29] L.H. Abdel-Rahman, A.M. Abu-Dief, M.O. Aboelez, A.A.H.A. Mawgoud, DNA interaction, antimicrobial, anticancer activities and molecular docking study of 
some new VO(II), Cr(III), Mn(II) and Ni(II) mononuclear chelates encompassing quaridentate imine ligand, J. Photochem. Photobiol. B Biol. 170 (2017) 
271–285, https://doi.org/10.1016/j.jphotobiol.2017.04.003. 

[30] G. Bringmann, M. Dreyer, J.H. Faber, P.W. Dalsgaard, D. Stærk, J.W. Jaroszewski, H. Ndangalasi, F. Mbago, R. Brun, S.B. Christensen, Ancistrotanzanine C and 
related 5,1′- and 7,3′-coupled naphthylisoquinoline alkaloids from Ancistrocladus tanzaniensis, J. Nat. Prod. 67 (2004) 743–748, https://doi.org/10.1021/ 
np0340549. 

[31] CH, ICH Harmonised Tripartite Guideline: Validation of Analytical Procedures: Text and Methodology, Q2 (R1), ICH, Geneva, Switzerland, 2005. 
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