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Abstract 

In the present work a Schiff base ligand 2-(4-(dimethylamino)benzylideneamino)-3-
aminomaleonitrile was prepared via condensation of diaminomaleonitrile and 4-
(dimethylamino)benzaldehyde under reflux. This compound was characterized by elemental analysis, FT-
IR spectroscopy and single crystal X-ray diffraction. The ground state properties of the title molecule 
have been calculated employing DFT/B3LYP level of the theory using the 6-31G (d, p) basis set. The first 
static hyperpolarizability of this compound is found to be 26.76×10-30 (esu). So this imino compound is a 
suitable molecule for optical nonlinearity. Calculated bond lengths and bond angles are in good 
agreement with X-ray data. 

Keywords: DFT/B3LYP, 6-31G (d, p), hyperpolarizability, nonlinear optical property (NLO), theoretical 
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Introduction 

Hugo Schiff described the condensation between an aldehyde and an amine leading to a Schiff base 
in 1864 [1]. Schiff base ligands are able to coordinate metals through the imine nitrogen and another 
groups, usually linked to the aldehyde. Schiff base ligands are one the oldest classes of ligands in 
coordination chemistry and these compounds have been used extensively for coordination with transition 
and main group metal ions [2]. Also Schiff base compounds have been studied in the area of bioinorganic 
chemistry where interest in Schiff bases complexes with transition and inner-transition metals has 
centered on the role of such complexes in providing synthetically interesting models for the metal-
containing sites in metallo-proteins and enzymes [3-9], whereas, unsymmetrical Schiff bases ligands have 
clearly offer many advantages over their symmetrical counterparts in the elucidation of the composition 
and geometry of the metal ion binding sites in the metallo-proteins and -enzymes, and selectivity of 
natural systems with synthetic materials. Recent years have witnessed a great deal of interest in the 
synthesis and characterization of transition metals complexes containing Schiff bases as ligands due to 
their applications as catalysts for many reactions [10-14] and relation to synthetic and natural oxygen 
carriers. On the other hand considerable interest has been shown in the preparation of compounds with 
nonlinear optical properties (NLO), which find application in dye laser technology and optical devices 
[17,18]. Furthermore, quantum chemistry calculations have proved to be useful in the description of the 
relationship between the electronic structure of molecular system and its non-linear optical response [15-
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18]. However, in this new study, the 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile was 
synthesized and some calculations regarding the hyperpolarizability, dipole moment, bond length, bond 
angle, molecular orbital levels, the first hyperpolarizability (β) and charge density on all atoms in its 
structure were evaluated. The β value obtained from the theoretical calculations are compared with those 
for a standard choromophore, p-nitro aniline (PNA), (β = 34.5×10-30 esu) [19,20]. The values usually 
calculated are the molecular quantities: a, b, and g, which are polarizability, first-order 
hyperpolarizability, and the second-order hyperpolarizability tensors, respectively. A value that is useful 
in measuring second-order NLO properties is the mean first-order hyperpolarizability, which is calculated 
as shown in this equation, 
 
β= βZXX+βZYY+βZZZ. 
 
Experimental section 

All the chemical reagents were purchased from Merck Company and used as received. The ligand 
2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile (whose structure is shown in Figure 1) 
was synthesized by condensation of a methanolic solution of diaminomaleonitrile and a methanolic 
solution of 4-(dimethylamino)benzaldehyde (molar ratio 1:1) under reflux for 2 h. Small light-red crystals 
were filtered and recrystallized from acetonitrile. The prepared Schiff base ligand 2-(4-
(dimethylamino)benzylideneamino)-3-aminomaleonitrile was characterized by satisfactory 
microanalyses, FTIR and X-ray crystallography.   C, H and N microanalyses were accomplished on a 
Perkin Elmer analyzer with KBr disk and FTIR spectra was measured on a Shimadzu DR-8001 
spectrometer.  The IR spectra of this compound confirm the presence of an imine bond (C=N) at 1635 cm-

1, the C=C vibrational band of aromatic ring at 1473 cm-1, the (N-H) band at 3398-3485 cm-1 and the 
nitrile bond (C≡N) at 2250 cm-1. The microanalyses (%) calculated (found) for C13H13N5: C, 
65.271(65.26); H, 5.439(5.39); N, 29.288(29.01). Also the X-ray single crystal data of this compound are 
listed in Table 1. 

 
Computational details 

In the present study the density functional theory DFT [21] has been employed using a B3LYP 
functional and a 6-31G (d, p) basis set [22]. The geometry was optimized at the B3LYP/6-31G (d, p) level 
for investigation of the electronic structural properties of this molecule, and to calculate the properties of 
this molecule, such as total dipole moment, all bond lengths and bond angles, polarizability, heat of 
formation and binding energy, highest occupied molecular level (HOMO), and lowest unoccupied 
molecular orbital level (LUMO). All the calculations were carried out with the GAUSSIAN 03 software 
[23]. 
 
Results and discussion 

In summary, the synthesis of 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile 
compound and X-ray crystallographic data were described. The x-ray crystallographic data of this 
compound are shown in Tables 1 - 2. All spectroscopic data for this ligand are in good accordance with 
X-ray crystallographic data. Some experimental selected bond lengths and bond angles are shown in 
Table 2 in comparison with the calculated values at the B3LYP level.  As shown in Table 2, the 
calculated bond lengths and bond angles are in agreement with crystallographic data.  The molecule is 
optimized in gas phase and the minimum energy of 2-(4-(dimethylamino)benzylideneamino)-3-
aminomaleonitrile was determined and the most stable geometry is shown in Figure 2, with the X-ray 
structure for this compound shown in Figure 3 and its packing in Figure 4. 
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Figure 1 The structure of 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile. 
 
 

 
Figure 2 The optimized structure of 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile 
compound (the calculated charge density for all atoms are shown in this structure). 
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Figure 3 The X-ray structure of 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile. 
 
 

 
 
Figure 4 View of the packing for 2-(4-(dimethylamino)benzylideneamino)-3-aminomaleonitrile. 
 
 

Crystallographic data of this compound are listed in Table 1. Energies of HOMO level and LUMO 
level are shown in Figure 5. Selected geometric parameters (bond lengths in Å, bond angles in °) and 
some of calculated parameters are shown in Table 2. 
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Table 1 Crystal data and structure refinement for 2-(4-(dimethylamino)benzylideneamino)-3-
aminomaleonitrile. 
 

Empirical formula C13H13N5 
Formula weight 239.28 
Space group P21/c 
Temperature 293(2) K 
Wavelength 0.71073 A 
Unit cell dimensions a = 12.046(11) Å     α = 90o 

b = 7.0809(5) Å       β = 110.92o 

c = 15.4653(11)  Å   γ = 90o 
Volume 1238.07 Å3 
Z, Calculated density 4, 1.249 mg/m3 
Absorption coefficient 0.080 mm-1 
F(000) 504 
Theta range for data collection 2.70 to 25.53o 
Limiting indices 14 <= h <= 14, −8 <= k <=8, −18 <= l <=19 
Reflections collected / unique 16322 / 2376 [R(int) = 0.0752] 
Completeness (θ = 25.53) 99.8 % 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 2376 / 0 / 171 
Goodness-of-fit on F2 1.039 
Final R indices [I > 2sigma (I)] R1 = 0.0392, wR2 = 0.1038 
R indices (all data) R1 = 0.0557, wR2 = 0.1114 
Largest diff. peak and hole 0.144 and −0.161 e.A-3 

 
 
Table 2 Selected bond lengths (Å), bond angles (ο), some calculated structural parameters for 2-(4-
(dimethylamino)benzylideneamino)-3-aminomaleonitrile calculated by DFT/B3LYP. 
 

Selected bond Calculated bond length (Å) by 
DFT/B3LYP level 

Measured bond length (Å) by 
X-ray 

N(2)-C(12) 1.373 1.353 
C(12)-C(10) 1.390 1.361 
N(1)-C(10) 1.397 1.384 
N(1)-C(1) 1.295 1.279 
C(1)-C(2) 1.461 1.441 
C(2)-C(7) 1.401 1.393 
C(3)-C(3) 1.401 1.390 
N(5)-C(5) 1.389 1.372 
N(5)-C(8) 1.443 1.443 
N(5)-C(9) 1.431 1.447 

Selected angle Calculated angle (ο) by 
DFT/B3LYP level Measured angle (ο) by X-ray 

N(1)-C(10)-C(12) 119.85 118.20 
N(1)-C(1)-C(2) 121.37 123.90 
N(2)-C(12)-C(10) 123.91 124.11 
N(2)-C(12)-C(13) 124.82 116.40 
C(10)-C(12)-C(13) 117.96 119.40 
C(3)_C(2)-C(1) 119.96 119.59 
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C(7)_C(2)-C(1) 121.59 12.15 
N(1)-C(10)-C(11) 121.89 122.04 
Parameters Calculation by DFT/B3LYP 

level 
 

Heat of Formation −133.6921864 (kcal/mol) - 
Binding Energy −3330.2038136 (kcal/mol) - 
Molecular point group   C1  
HOMO((eV), level, 45) −8.044 - 
LUMO(eV), level, 46) −0.945 - 
Band gap(eV) 7.099 - 
Dipole moment(µ) debye 
 

µx = 6.97685 
µy = −1.988 
µz = −0.6595 
µt = 7.0935 

- 

Hyperpolarizability (β) 26.76×10-30 (esu) - 

 
 

 
Figure 5 Theoretical calculated HOMO and LUMO molecular orbitals by DFT/B3LYP for 2-(4-
(dimethylamino)benzylideneamino)-3-aminomaleonitrile. 
 
 

Figure 5 shows the HOMO and LUMO for 2-(4-dimethylamino)benzylideneamino)-3-
aminomaleonitrile. As is seen in Figure 5, the HOMO of the title compound is delocalized approximately 
on all atoms of this ligand. It was found that the band gap is wide; therefore, this compound can be 
expected to be very sensitive to laser shock. Mulliken population study shows nitrogen atom in imine 
group and nitrogen atom in amine group are probable coordination sites for this ligand. In the optimized 
structure N(1), N(5) and N(2) atoms have more negative charge density (−0.173, −0.302 and −0.328) 
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(Figure 2) than the other atoms in the structure of this compound, so these atoms are the coordination 
sites for the 2-(4-dimethylamino)benzylideneamino)-3-aminomaleonitrile ligand in binding to transition 
metal ions. Table 2 shows the calculated bond lengths and bond angles are in good agreement with the 
experimental X-ray data. 
 
Conclusions 

In this study we have designed and synthesized a Schiff base ligand 2-(4-
dimethylamino)benzylideneamino)-3-aminomaleonitrile with NLO properties. Its structure was 
characterized by common spectroscopic methods and X-ray crystallography. The first molecular 
hyperpolarizability(β) of this compound has been calculated by DFT theoretical method. The geometry 
optimization and the structural electronic properties of this compound have been carried out by using 
GUSSIAN 03 software.  The analysis of the electronic properties was based on atomic electronic charges, 
electric dipole moment and polarizability tensor elements. This Schiff base compound is a suitable 
molecule for optical nonlinearity and the calculated bond lengths and bond angles are in good agreement 
with X-ray data.  
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