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In this paper, two correlation equations are established. Substituent electron effect 
displays important effects on the dihedral angle τ1(τ1 is the value of the dihedral angle 
between the Cu-O-N plane and O-C=N plane) and the coordinate bond length (LCu-N) 
in the crystal structure of the complexes. 
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Abstract:  The relationship between molecular conformation and substituent effects of salicylaldehyde 

Schiff-base Cu(II) complexes was explored. For this study, eight samples of the complexes Cu(Sal-X)2 (X= OMe, 

Me, H, F, Cl, Br, CF3 and CN) were obtained by reaction of Cu(OAc)2 with Schiff base ligands (Sal-X) derived 

from Salicydaldehyde, and their crystal structures were characterized by the X-ray diffraction technique. The 

QSPR methods were employed to achieve deeper insight into geometry structure of Cu(Sal-X)2. The results 

show that the main geometrical parameters of Cu(Sal-X)2 are dominated by the substituents on the aniline ring. 

That is, the dihedral angle τ1 between the Cu-O-N plane and O-C=N plane increases with the increase of 

electron-donating effect and electron-withdrawing effect of substituents, whereas the electronic effect of 

substituents has the opposite effect on τ2, which is the dihedral angle between the aniline ring plane and C-N-Cu 

plane. Moreover, the bond length 
N-CuL  decreases with growing excited-state parameter ex

ccσ  of substituents 

which enhances the energy of C-N bond. 
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1. Introduction 

Schiff bases are the popular chelating ligands, and are able to easily coordinate various metal ions [1-4]. Many 

Schiff bases metal complexes have versatile applications[ 5 - 9 ] for their characteristic properties such as 

photochromism, magnetism, catalysis properties and remarkable biomedical activities. Some of these complexes 

have been reported as magnetic materials[10], anticancer agents[11], catalyst[12] or energy materials[13]. Also, a 

variety of metal complexes have been designed for electron transport hosts in organic light-emitting diodes 

(OLEDs)[14]. 

It is well known that the structure dominates the properties and use of materials. Recent research [15] 

demonstrated that the steric structure and electronegativity of substituents on aniline ring of ligands had a large 

effect on the photophysical and electrochemical properties of the corresponding complexes. In addition, it has 

been reported that the electronic effect of substituents on the aniline ring has an important influence on 

properties of the complexes such as the chelating stability [16], oxidation potentials [17] and the reactivity [18]. On 

the other hand, molecule configuration can be fine-tuned by the substituents [19]. Some copper complexes exhibit 

the change of molecular configuration from square planar to tetrahedral coordination [20-22] by introduction of 

different substituents. It was also reported [23-25] that the size and nature of the substituent on the imino nitrogen 

of the Schiff base ligand affected the coordination geometry around copper(II) in complexes. Therefore, in order 

to the design of new materials for a specific purpose, we may change configuration through the substituent 

electronic effects. 

Owing to the difficulty in cultivating single crystals of compounds, the correlation between molecular 
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configurations and substituents is rarely studied. Fang et al[26-27] explored the relationship between molecular 

configuration and the longest wavelength maximum λmax of ultraviolet absorption for Schiff bases with different 

substituents on the aromatic rings. A conclusion was drawn that the dihedral angle τ influenced the electronic 

effects of substituents on the λmax, and the effect of the sin(τ) on spectroscopic properties of Schiff bases was 

quantified. However, up to now, the influence rule of substituents on molecular configuration of Schiff bases 

complexes has not been reported. 

In coordination chemistry, copper complexes of Schiff bases have received considerable interest from the 

researchers[28-30]. Therefore, in this work, to clarify the influence rules of substituents on molecular configuration 

of Schiff bases complexes, eight samples of copper complexes Cu(Sal-X)2 (X= OMe, Me, H, F, Cl, Br, CF3 and 

CN) was synthesized. Their crystal structures were measured experimentally, and the influence of substituents on 

the dihedral angle and the bond length in crystal structure was quantified. 

2. Experimental methods 

2.1. Sample preparation 

The copper complexes Cu(Sal-X)2 (1-8) were all prepared by the same methods as described in the literature 

[31,32], as shown in Fig. 1.  
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1-8: X=OMe, Me, H, F, CI, Br, CF3, CN 

Fig.1. Schematic representation of the Cu(Sal-X)2 (1-8) molecules with geometrical definitions. 

 

The Schiff-base ligands Sal-X were prepared by stirring a mixture of salicylaldehyde and corresponding 

substituted aniline in a 1:1 molar ratio for 20 min at room temperature. The precipitated ligands were filtered off, 

purified by recrystallization treatment with absolute ethanol and dried in a vacuum desiccator. 

The copper complexes Cu(Sal-X)2 were synthesized through a reaction between Cu(OAc)2 and corresponding 

Schiff base ligands Sal-X. A solution of Cu(OAc)2 (5 mmol) in absolute ethanol was gradually added to a 

solution of Schiff base ligand (10 mmol) in absolute ethanol. The mixture was heated at reflux over 4 h, and then 

cooled to room temperature. All the products are light brown precipitates. The crude products were filtered, 

washed with absolute ethanol, and finally dried in a vacuum desiccator. Suitable Crystals of the complexes 1-8 

were obtained by slow evaporation from absolute ethanol. All the complexes were characterized by the single 

crystal X-ray diffraction. 

 

2.2. X-ray crystallography 

The structure determination of Cu(Sal-X)2 was carried out by X-ray diffraction method[33].The diffraction data 

of the complexes were collected on a Bruker Apex-II CCD diffractometer with monochromatic Mo Kα radiation 

(λ = 
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0.71073 Å) at 296(2) K, which was integrated and reduced applying SAINT with absorption and scaling correction being undertaken with SADABS program. The 

structure was resolved by the direct method and all non-hydrogen atoms were refined by the full-matrix least-square procedure on F2 using SHELXL-2014 in conjunction 

with the Olex2 program[34]. Anisotropic thermal parameters were designated to all non-hydrogen atoms. H atoms linked to N, C and O atoms were geometrically added and 

isotropically refined by the riding model. The CIF files of the crystals 1-8 were available in the Supporting Information. The partial crystallographic data for the complexes 

Cu(Sal-X)2 (1-8) were summarized in the table 1. 

 

Table 1 The partial crystallographic and experimental data for the complexes 1-8. 

Complex 1 2 3 4 5 6 7 8 

Formula  C28H24CuN2O4 C28H24CuN2O2 C26H20CuN2O2 C26H18CuF2N2O2 C26H18CuCI2N2O2 C26H18CuBr2N2O2 C28H18CuF6N2O2 C28H18CuN4O2 

Temp[K] 296 296 296 296 296 296 296 296 

Space group P 21/c P 21/c P 21/n P -1 P 21/c P 21/c P b c a R -3 

Z(Z' ) 2 2 2 2 2 2 2 9 

a(Å) 13.414(3) 12.1444(8) 11.920(3) 10.1622(14) 13.571(4) 13.828(9) 10.6858(14) 42.964(3) 

b(Å) 11.167(2) 7.4760(5) 7.9269(17) 10.5001(14) 10.728(3) 10.711(7) 8.2782(12) 42.964(3) 

c(Å) 7.8922(19) 13.5037(9) 12.226(3) 10.5911(13) 8.188(2) 8.203(5) 27.768(4) 3.8200(3) 

α(◦) 90 90 90 94.384(4) 90 90 90 90 

β(◦) 97.057 111.082(4) 112.154(3) 106.284(5) 98.92(2) 99.260(18) 90 90 

γ(◦) 90 90 90 92.239(3) 90 90 90 120 

V(Å3) 1173.2(5) 1143.96(13) 1069.9(4) 1079.4(2) 1177.7(6) 1199.3(13) 2456.4(6) 6106.6(9) 

Dcalc(g.cm−3) 1.461 1.405 1.415 1.514 1.480 1.700 1.601 1.238 

Mu(cm−1) 0.969 0.983 1.046 1.056 1.180 4.268 0.965 0.834 

F(000) 534 502 470 502 534 606 1196 2331 

Mr 516.04 484.03 455.98 491.96 524.86 613.78 591.98 506 

Rint 0.0244 0.0414 0.1306 0.0471 0.0702 0.0455 0.0457 0.0761 

GOF on F2 1.036 1.022 1.047 1.014 1.102 1.090 1.127 1.088 

R1
a
, wR2

b [I>2σ(I)] 0.0261,0.0700 0.0361,0.0843 0.0482,0.1185 0.0463,0.0976 0.0716,0.1615 0.0512,0.1201 0.0661,0.1789 0.0397,0.0958 

R1
a
, wR2

b [all data] 0.0313,0.0739 0.0484,0.0922 0.0437/0.1133 0.0990,0.1419 0.1168,0.2126 0.0829,0.1550 0.0962,0.2183 0.0561,0.1156 

∆ρmax/∆ρmin (e Å-3) 0.273/-0.224 0.267/-0.274 0.452/-0.707 0.393/-0.654 0.540/-1.083 0.636/-0.827 0.781/-0.626 0.297/-0.398 
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3. Results and discussion 

3.1. Structure description of the complexes 

Single-crystal X-ray diffraction shows that the complexes are structurally similar mononuclear copper(II) 

complexes (Fig. 2 for the complexes 1–8). Table 2 summarizes the selected dihedral angles, bond lengths and 

bond angles for the complexes 1-8. Complexes 4, 7 and 8 crystallized in the triclinic space group P-1, 

orthorhombic space group Pbca and rhombohedral space group R-3, respectively, while 1, 2, 3, 5 and 6 all 

crystallized in the monoclinic space groups P21/c. The results are in good agreement with the corresponding 

values observed in other similar copper (II) complexes [35-37]. 

 As can be seen from Fig. 2, there are two different molecular conformations in the crystal structure of the 

complex 4. For all complexes, the coordination sphere of Cu atom is found to be formed by two bidentate 

ligands. Each Cu atom in the complexes is four-coordinated by two imino N and two phenolic O atoms of the 

corresponding Schiff base ligand, forming a square-planar coordination. 

 

 
1 (X=OCH3)                                           2 (X=CH3) 

 

 
        3 (X=H)                                                4 (X=F) 

 

 

5 (X=CI)                                            6 (X=Br) 
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    7˄X=CF3˅                                         8 (X=CN) 

 

Fig.2. Molecular structures of complexes Cu(Sal-X)2 (1-8) with thermal ellipsoids set at the 50% probability. 

 

Table 2  Selected bond lengths (Å) and angles ( º) for the complexes 1-8 

  1111    2222    3333    4444    5555    6666    7777    8888    

bond lengths 

LCu-O (Å) 1.8829(14) 1.8793(18) 1.8773(19) 1.878(3) 1.881(4) 1.872(4) 1.886(4) 1.9139(19) 

LCu-N (Å) 2.0361(14) 2.013(2) 1.9952(17) 1.995(3) 2.019(5) 2.025(4) 2.016(4) 2.045(2) 

L1 (Å) 1.309(2) 1.300(3) 1.306(3) 1.305(5) 1.322(8) 1.319(7) 1.317(6) 1.315(3) 

L2 (Å) 1.420(3) 1.414(4) 1.422(3) 1.414(6) 1.410(9) 1.411(7) 1.415(7) 1.419(4) 

L3 (Å) 1.428(3) 1.434(3) 1.424(3) 1.436(6) 1.419(8) 1.420(7) 1.423(7) 1.428(4) 

L4 (Å) 1.295(2) 1.287(3) 1.291(3) 1.293(5) 1.299(7) 1.291(7) 1.300(7) 1.296(3) 

L5(Å) 1.433(2) 1.441(3) 1.442(3) 1.442(6) 1.439(7) 1.440(7) 1.430(6) 1.437(3) 

bond angles 

δ1 (º) 90.61(6) 88.58(8) 91.54(7) 88.91(14) 89.23(19) 89.15(18) 90.95(17) 89.22(8) 

δ2(º) 124.80(12) 128.69(16) 128.21(14) 131.0(3) 126.1(4) 126.1(3) 125.3(3) 122.89(17) 

δ3(º) 121.34(12) 122.17(17) 123.15(15) 123.6(3) 122.4(4) 121.6(4) 121.7(3) 120.57(17) 

dihedral angle         

τ1(º) 23.37 21.51 18.84 19.82 20.91 21.65 22.9 29.56 

τ2(º) 47.97 67.77 75.97 67.49 53.6 54.08 52.34 36.14 

The letters L1-L5 correspond to distances depicted in Fig. 1.  
The letters δ1-δ3 correspond to bond angles in Fig. 1. 
τ1 is the value of the dihedral angle between the Cu-O-N plane and O-C=N plane in Fig. 1. 
τ2 is the value of the dihedral angle between the aniline ring plane and C-N-Cu plane in Fig. 1. 
 

3.2. Effect of substituents on molecular conformation 

To elucidate the influence of the substituent X on the aniline ring of the ligand on the peculiarities of the 

molecular conformation of the copper complexes, we investigated the crystal structure of the complexes. The 

Hammett constant 
pσ and excited-state parameters ex

ccσ  of the substituent X were listed in Table 3.  

Table 3  The Hammett constant 
pσ and excited-state parameters ex

ccσ  
of substituent X 

X OMe Me H F CI Br CF3 CN 

a

pσ   -0.27 -0.17 0 0.06 0.23 0.23 0.54 0.66 

ex
ccσ b

 -0.5 -0.17 0 0.06 -0.22 -0.33 -0.12 -0.70 
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aThe values were taken from Reference[38] 

bThe values were taken from Reference[39,40] 
 

In crystal structure, the dihedral angle is an important parameter to estimate planarity of a molecule. As 

shown in Table 2, the dihedral angle τ1 between the Cu-O-N plane and O-C=N plane varies in the range of 

18.84º–29.56º, while the variation range of the dihedral angle τ2 between the aniline ring plane and C-N-Cu 

plane is from 36.14º to 75.97º. It should be noted that the dihedral angle is clearly affected by the substituent of 

the aniline ring, and that the influence regularity of substituent on them is opposite: the dihedral angle τ2 

becomes smaller as the electronic effect of the substituent increases, whereas the dihedral angle τ1 increases 

with the increase of electron-donating effect and electron-withdrawing effect of the substituent X. 

Then, we choose the excited-state parameter (ex
ccσ ) and Hammett parameter (

pσ ) of substituent X attached to 

aniline ring to correlate the dihedral angle τ1. The equation (1) is obtained. 

2

p

2

1 94.919.1183.19 σστ ++= ex
CC

                            (1) 

R=0.9857, S=0.6548, F=85.31, n=8 

Rcv=0.9774, Scv=0.6765 

 Where R is the correlation coefficient, S is standard deviation, F is F-statistics and n indicates the number of 

sample. The correlation result of equation (1) is good. As shown in equation (1), the dihedral angle τ1 between 

the Cu-O-N plane and O-C1=N plane becomes bigger when the value of 2

pσ  or 
2ex

CCσ  
is higher. The distortion 

of the Cu chelating ring increases with the increase of electron-donating effect and electron-withdrawing effect 

of substituents. To test the predictive ability of equation (1), we carried out the leave-one-out cross validation 

(LOO). Here Rcv and Scv were the correlation coefficient and standard deviation of LOO, respectively. Fig. 3 

shows that the calculated values τ1(cal.) and the predicted values τ1(pred.) are in highly agreement with the 

experimental ones τ1(exp.).The result of LOO demonstrates good performance of equation (1). 

   

  

Fig. 3 The plot of the calculated τ1(cal.) by equation (1) and the predicted τ1(pred.) by LOO versus the experimental τ1(exp.) for 

the Cu(Sal-X)2 

 

 

Bond angle is another important parameter in crystal structure. Here, we discuss the coordinate bond lengths 

related to the Cu atoms only. Through the comparison of bond lengths for the complexes in Table 2, it clearly 

shows that the substituent X mostly affects Cu-O and Cu–N bonds. The Cu-O bond length (LCu-O) of complexes 
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increases from 1.872Å to 1.914Å, while the Cu-N coordinate bond length (LCu-N) of complexes varies from 

1.995Å up to 2.045Å. Thus, we attempt to carry out a correlation analysis for LCu-N, and find the correlation 

result of LCu-N and excited-state parameter ex
ccσ  is good. The equation (2) is established, and leave-one-out cross 

validation (LOO) was carried out to test predictive ability for this equation. 

2

ccu 046.0097.0000.2 ex
CC

ex
NCL σσ −−=−                             (2) 

R=0.9870, S=0.0034, F=94.21, n=8 

Rcv=0.9733, Scv=0.0038 

Therefore, we can conclude that the excited-state parameter ex
ccσ  of substituent X has an important effect on 

the bond length (LCu-N). Bigger ex
ccσ  value shortens the bond length (LCu-N), and enhances the energy of Cu–N 

bond. As shown in Fig.4, LCu-N(cal.) and LCu-N(pred.) are in good agreement with LCu-N(exp.). What’s more, the 

leave-one-out cross validation gave the similar results with the calculated values by equation (2). Thus, the 

equation (2) is reliable and has good predictive ability.   

  

Fig. 4 The plot of the calculated LCu-N(cal.) by equation (2) and the predicted LCu-N(pred.) by LOO versus the experimental 

LCu-N(pred.) for the Cu(Sal-X)2 

 

4. Conclusion 

In this study, a series of the complexes Cu(Sal-X)2 (1-8) with different substituents X=OCH3, CH3, H, F, CI, 

Br, CF3 and CN in para-position of aniline ring, were synthesized, and eight single crystals were obtained. The 

influence of the substituents X on the crystal configuration of Cu(Sal-X)2 was investigated. The Conclusions are 

drawn as follows: 

1. The dihedral angle τ1 between the Cu-O-N plane and O-C1=N plane varies with the substituent X. τ1 is 

bigger when the value of 2

pσ  or 
2ex

CCσ  
is higher. The distortion of the Cu chelating ring increases with the 

increase of electron-donating effect and electron-withdrawing effect of substituents. However, the substituent 

electronic effect has the opposite effect on the τ2. 

2. The excited-state parameter ex
ccσ  of substituents X has an important effect on the bond length (LCu-N). 

Bigger ex
ccσ  values shorten the bond length (LCu-N), and enhance the energy of C-N bond. 
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3. Two correlation equations between the geometrical parameters (τ1 and LCu-N ) and the substituent 

parameters are obtained. It is helpful to understand the influence of the substituent effect on the molecular 

conformation of the complex crystals, and also provides a new theoretical reference for the research of this field 

and the molecular design of new materials with specific properties. 
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supplementary crystallographic data for this paper. These data can be obtained free of charge via http://www. 

ccdc.cam.ac.uk (or from the Cambridge Crystallographic Data Centre, 12, Union Road, Cambridge CB2 1EZ, 

UK; fax: +44 1223 336033). 

 

References 
                                                             

[1] A.Huber, L. Müller, H. Elias, R. Klement, M. Valko, Cobalt(II) Complexes with Substituted Salen-Type 

Ligands and Their Dioxygen Affinity in N,N-Dimethylformamide at Various Temperatures[J]. Eur. J. Inorg. 

Chem. 8 (2005) 1459-1467. 

[2] T. Kawamoto, M. Nishiwaki, Y. Tsunekawa, K. Nozaki, T. Konno, Synthesis and Characterization of 

Luminescent Zinc(II) and Cadmium(II) Complexes with N, S-Chelating Schiff Base Ligands [J]. Inorg. 

Chem. 47(2008) 3095-3104. 

[3] N. Raman, Y. P. Raja, A. J. Kulandaisamy, Synthesis and characterisation of Cu(II), Ni(II), Mn(II), Zn(II) and 

VO(II) Schiff base complexes derived from o-phenylenediamine and acetoacetanilide[J]. J. Chem. Sci. 

113(2001) 183-189. 

[4] R. K. Mohapatra, A. K. Sarangi, M. Azam, M. M. El-ajaily, M. Kudrat-E-Zahan, S. B. Patjoshi, D. C. Dash, 

Synthesis, structural investigations, DFT, molecular docking and antifungal studies of transition metal 

complexes with benzothiazole based Schiff base ligands[J]. J. Mol. Struct. 1179 (2019) 65-75. 

[5] N. Raman, R. Jeyamurugan, R. Senthilkumar, B. Rajkapoor, S.G. Franzblau, In vivo and in vitro evaluation 

of highly specific thiolate Carrier group copper(II) and zinc(II) complexes on Ehrlich ascites carcinoma 

tumor model[J]. Eur.J. Med. Chem. 45 (2010) 5438-5451. 

[6] A.A. El-Sherif, T.M.A. Eldebss, Synthesis, spectral characterization, solution equilibria, in vitro antibacterial 

and cytotoxic activities of Cu(II), Ni(II), Mn(II), Co(II) and Zn(II) complexes with Schiff base derived from 

5-bromosalicylaldehyde and 2-aminomethylthiophene[J]. Spectrochim. Acta A, 79 (2011) 1803-1814. 

[7] M. Khorshidifard, H.A. Rudbari, B. Askari, M. Sahihi, M.R. Farsani, F. Jalilian,G. Bruno, Cobalt(II), 

copper(II), zinc(II) and palladium(II) Schiff base complexes:synthesis, characterization and catalytic 

performance in selectiveoxidation of sulfides using hydrogen peroxide under solvent-free conditions[J]. 

Polyhedron, 95 (2015) 1-13. 

[8] S. Sathiyaraj, K. Sampath, R.J. Butcher, R. Pallepogu, C. Jayabalakrishnan, Designing, structural elucidation, 

comparison of DNA binding, cleavage,radical scavenging activity and anticancer activity of copper(I) 

complex with 5-dimethyl-2-phenyl-4-[(pyridin-2-ylmethylene)-amino]-1,2-dihydro-pyrazol-3-one Schiff 

base ligand[J]. Eur. J. Med. Chem. 64 (2013) 81-89. 



9 

 

                                                                                                                                                                                                        

[9] A.B. Deilami, M. Salehi, A. Amiri, A. Arab, New copper(II) and vanadium(IV) complexes based on 

allylamine-derived Schiff base ligand; synthesis, crystal structure, electrochemical properties and DFT 

calculations[J]. J. Mol. Struct., 1181 (2019) 190-196. 

[10] S. Jana, B.K. Shaw, P. Bhowmik, K. Harms, M.G.B. Drew, Field-Induced Ferromagnetism and Multiferroic 

Behavior in End-on Pseudohalide-Bridged Dinuclear Copper(II) Complexes with Tridentate Schiff Base 

Blocking Ligands[J].  Inorg. Chem., 53 (2014) 8723-8734. 

[11] C. Rajarajeswari, M. Ganeshpandian, M. Palaniandavar, A. Riyasdeen, M.A. Akbarsha, Mixed ligand 

copper (II) complexes of 1, 10-phenanthroline with tridentate phenolate/pyridyl/(benz) imidazolyl Schiff 

base ligands: covalent vs non-covalent DNA binding, DNA cleavage and cytotoxicity[J]. J. Inorg. Biochem. 

140 (2014) 255-268. 

[12] Q. Feng, Q. Song, Aldehydes and ketones formation: copper-catalyzed aerobic oxidative decarboxylation of 

phenylacetic acids and a-hydroxyphenylacetic acids[J]. J. Org. Chem. 79 (2014) 1867-1871. 

[13] J. Zhang, L. Xu, W. Wong, Energy materials based on metal Schiff base complexes[J]. Coord. Chem. Rev. 

355 (2018) 180-198. 

[14] J. Xie, J. Qiao, L. Wang, J. Xie, Y. Qiu, An azomethin-zinc complex for organic electroluminescence: 

Crystal structure, thermal stability and optoelectronic properties[J]. Inorg. Chim. Acta, 358 (2005) 

4451-4458. 

[15] L. Chen, J. Qiao, J. xie, L. Duan, D.Zhang, Substituted azomethine–zinc complexes: Thermal stability, 

photophysical, electrochemical and electron transport properties[J]. Inorg. Chim. Acta, 362 (2009) 

2327-2333. 

[16] Y. Xiao, C. Cao, Influence of substituent effects on the coordination ability of salicylaldehyde Schiff 

bases[J]. J. Coord. Chem., 71 (2018) 3836-3846. 

[17] A. Kotočová, D. Valigura, P. Fodran, J. Šima, Substituent Effects on Oxidation Potentials of Co(I1) and 

Cu(I1) Complexes with Tetradentate Thioiminate Schiff Base Ligands[J]. Inorg. Chim. Acta, 88 (1984) 

135-137. 

[18] X. R. Bu, C. R. Jackson, D. V. Derveer, X. Z. You, Q. J. Meng, R. X. Wang, Unsymmetrical tetradentate 

ligands with cis-N,O, chromophores : New copper(I1) complexes incorporating synthesis, molecular 

structure, substituent effect and thermal stability[J]. Polyhedron, 16 (1997) 2992-3001. 

[19] S. T. Ha, K. L. Foo, H. C. Lin, M. M. Ito, K. Abe, K. Kunbo, S. S. Sastry, Mesomorphic behavior of new 

benzothiazole liquid having Schiff base linker and terminal methyl group[J]. Chinese Chem. Lett. 23 (2012) 

761-764. 

[20] C. M. Wansapura, C. Juyoung, J. L. Simpson, D. Szymanski, G. R. Eaton, S. S. Eaton, S. Fox. From Planar 

Toward Tetrahedral Copper(Il) Complexes: Structural and Electron Paramagnetic Resonance Studies of 

Substituent Steric Effects in an Extended Class of Pyrrolate-Imine Ligands[J]. J. Coord. Chem. 56 (2003) 

975-993. 

[21] H. Ōkawa, M. Nakamura, S. Kida, Noncovalent interactions in metal complexes. 12. Stereoselectivity of 

tetrahedral or pseudotetrahedral bis(N-l-menthyl-salicylaldiminato)M(II) and 

bis(N-l-menthyl-3-methylsalicylaldiminato)M(II) (M=Co, Cu, Ni, Zn) [J]. Inorg. Chim. Acta, 120 (1986) 

185-189. 



10 

 

                                                                                                                                                                                                        

[22] S. Yamada, Advancement in stereochemical aspects of Schiff base metal complexes[J]. Coord. Chem. Rev., 

190-192 (1999) 537-555. 

[23] T. Akitsu, Y. Einaga, Syntheses, crystal structures and electronic properties of a series of copper(II) 

complexes with 3,5-halogen-substituted Schiff base ligands and their solutions[J]. Polyhedron, 24 (2005) 

2933-2943. 

[ 24 ] T. Akitsu, Y. Einaga, Synthesis and crystal structures of the flexible Schiff base complex 

bis(N-1,2-diphenylethyl-salicydenaminato-κ2N,O)copper(II) (methanol): A rare case of solvent-induced 

distortion[J]. Polyhedron, 25 (2006) 1089-1095. 

[25] J. M. Fernández-G., O. L. Ruíz-Ramírez, R. A. Toscano, N. MacõÂas-Ruvalcaba, M. Aguilar-MartõÂnez, 

Crystal structures and voltammetric behavior of three copper(II) complexes derived from bulky Schiff 

bases[J]. Transit. Metal Chem., 25 (2000) 511-517. 

[26] Z. Fang, C. Cao, Effect of molecular conformation on spectroscopic properties of symmetrical Schiff bases 

derived from 1,4-phenylenediamine[J]. J. Mol. Struct., 1036 (2013) 447-451. 

[27] Z. Fang, C. Cao, J. Chen, X. Deng. An extending evidence of molecular conformation on spectroscopic 

properties of symmetrical bis-Schiff bases[J]. J. Mol. Struct., 1063 (2014) 307-312. 

[28] S. Khan, S. Roy, K. Harms, A. Bauzá, A. Frontera, S. Chattopadhyay, Observation of an anion…anion 

interaction in a square planar copper(II) Schiff base complex: DFT study and CSD analysis[J]. Inorg. Chim. 

Acta, 487 (2019) 465-472. 

[29] S. Shukla, A. P. Mishra, Non-isothermal degradation-based solid state kinetics study of copper (II) Schiff 

base complex, at different heating rates[J]. J. Therm. Anal. Calorim., 107 (2012) 111-117. 

[30] S. Sobhani, M. Pordel, S. A. Beyramabadi, Design, synthesis, spectral, antibacterial activities and quantum 

chemical calculations of new Cu (II) complexes of heterocyclic ligands[J]. J. Mol. Struct. 1175 (2019) 

677-685. 

[31] C.Z. Cao, W. Zhou and C. Cao, Abnormal effect of hydroxyl on the longest wavelength maximum in 

ultraviolet absorption spectra for bis-aryl Schiff bases. J. Phys. Org. Chem., 5 (2016) 1-8. 

[ 32 ] R.Vafazadeh, V. Hayeri, A.C. Willis, Synthesis, crystal structure and electronic properties of 

bis(N-2-bromophenyl-salicydenaminato)copper(II) complex[J]. Polyhedron, 29 (2010) 1810-1814. 

[33] J. Zhang, M. Tang, D. Chen, B. Lin, Z. Zou, Q. Liu, Horizontal and Vertical Push Effects in Saddled Zinc 

Porphyrin Complexes: Implications for Heme Distortion[J]. Inorg. Chem., 58 (2019) 2627-2636. 

[34] G. M. Sheldrick, Crystal structure refinement with SHELXL[J]. Acta Crystallogr. C: Struct. Chem., 71 

(2015) 3-8. 

[35] The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request.cif 

[36] K. Ren, X. Shang, J. Fu, P. Zhao, J. Zhang, Copper complex based on 2-(phenylimino-methyl)-phenol as a 

high selective fluoresencent probe for hydrogen sulfide[J]. Polyhedron, 104 (2015) 99-105. 

[37] S. P. Xu,Y. Pei, Microwave synthesis and crystal structure of 2-(p-tolyliminomethyl)phenolcopper (II) [J]. J. 

Chem. Crystallogr, 42 (2012) 330-332. 

[38] C. Hansch, A. Leo, R. W.Taft, A Survey of Hammett Substituent Constants and Resonance and Field 

Parameters[J]. Chem. Rev. 91 (1991) 165-195. 

[39] J. Qu, C.T. Cao, C. Cao, Determining the excited-state substituent constants of furyl and thienyl groups[J]. J. 



11 

 

                                                                                                                                                                                                        

Phys. Org. Chem. 31 (2018) e3799. 

[40] C. T. Cao, H Yuan, Q. Zhu, C. Cao, Determining the excited-state substituent constants 
)(cc o

exσ  of 

ortho-substituents from 2,4´-disubstiteted stilbenes[J]. J. Phys. Org. Chem. (2019) e3962. 

https://doi.org/10.1002/poc.3962. 



 

Highlights 

1. Eight crystals of copper complexes with different substituents were cultivated, and the main 

geometrical parameters were obtained. 

2. The quantitative correlation between dihedral angle τ1 and substituent effects was obtained. 

3. The quantitative correlation between the coordinate bond length (LCu-N) and excited-state 

substituent parameter ( ex
ccσ ) was established. 
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