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Abstract 

DBHC is synthesized and characterized by FT-IR, H1 and C13 NMR spectroscopy. The conformations of 

DBHC is determined theoretically besides selected geometrical parameters, HOMO–LUMO energies, 

polarizability, hyperpolarizability,. The optimized geometry of the DBHC,  HOMO–LUMO and molecular 

electrostatic potential (MEP) surface are also evaluated using B3LYP/6-31G(d,p) basis set.  

 

 

.Introduction 

 

Many Schiff base derivatives have been synthesized and employed to develop protein and enzyme mimics 

[1], such as models to mimic hydrolase in the hydrolysis of p-nitrophenyl picolinate.Structural 

investigations provide useful  information on the coordination properties of Schiff bases functioning as 

ligands. Over the past thirty years, extensive chemistry has surrounded the use of Schiff base ligands in 

inorganic chemistry. Consequently, a large number of these species have been reported to be superior 

reagents in biological,pharmacological, clinical and analytical applications [2-4] In the present study, we 

report the synthesis and molecular structure of a Schiff base derivative (E)-2-(3,4-dimethoxy) 

benzylidene)hydrazine carbothioamide (DBHC).  

 

 

Synthesis of (E)-2-(4-(3,4-dimethoxy) benzylidene) hydrazinecarbothioamide(DBHC) 

 

An ethanolic  mixture of 3,4-benzaldehyde and thiosemicarbazide is stirred for 30 minutes at room 

temperature using  Sodium hydroxide as a catalyst. The mixture was poured into crushed ice and the 

resulting yellow precipitate is filtered, the crude product is  recrystalized from ethanol and pure crystals are 

collected 
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Computational details 

 

All calculations were done at density functional theory (DFT) level on a personal computer using Gaussian-

03 package usingB3LYP/6-31G(d,p) basis set[5] The polarizabilities and hyperpolarizabilities were 

determined from the DFT optimized structure by finite field approach using B3LYP/6-31G⁄ basis set.. 

 

 

Results and discussion 
 
DBHC is synthesized as shown in scheme-1and characterized by IR, 1H, and 13C NMR spectra. The 

labeling of the atoms followed in the present study is indicated in the scheme-1 

 

Spectral studies of DBHC 

 

IR spectral studies 

 

The sharp peak around 1626 cm--1in the IR spectrum are exhibited for C=N mode Another sharp peak 

observed at1040 cm-it was assigned N–N stretching vibration. The aromatic C–H stretching vibration 

appeared at 3052 cm- and aliphatic C–H stretching vibration were seen around 2922 cm-1, respectively. 

 

NMR spectral analysis 

 

The signals in the 1H NMR spectra were assigned based on their positions, integrals and multiplicities and 

confirmed by the correlation observed in the 1H–1H COSY spectrum. The sharp singlet at 8.74 ppm is 

assigned to azomethine proton and.  the two methoxy proton signals appear as singlets3.8ppm at 3.6ppm .  

The aromatic proton signal appears in the range above 68-7.3ppm 
 

The assignment of signals in the C13 NMR spectrum DBHC moiety is attached to linear chain linked in 

symmetrical DBHC The high frequency signal observed at 168ppm is due to C=N group. A low intense 

signal observed at 140.8 ppm is corresponding to ipso carbon .The down field signal at 178.9 ppm is due 

C=S. The signals at115.7 and 120.2ppm are due to the carbons attaced to methoxy group.The two methoxy 

carbons are observed as intensed signal at 55.6ppm. 

 

Geometrical parameters 

 

From the optimized structure(fig-1) of geometrical parameters were derived by DFT method as shown in 

fig-1 The observed torsional angle is C–N1–N2–C (0.039_) in DBHC moiety indicate that the  substituted 

phenyl ring is slightly distorted from the plane containing C=N-N-C=S. It may be expected to be NLO 

active. Remaining torsional angles are found to be -180.090 and 179.879 respectively.  
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                                                 Fig-1 

 

Frontier molecular orbitals and molecular electrostatic potential 

           FMO examinations have been considered magnificent in foreseeing the synthetic steadiness of the 

atoms being scrutinized[7]. The most minimal vacant sub-atomic orbital (LUMO) and most elevated 

involved sub-atomic orbital (HOMO) is vital quantum orbitals. Typically, the LUMO communicates the 

limit of tolerating an electron while HOMO indicates the electron gift capacity[8]. The HOMO-LUMO 

energy hole is a significant boundary for anticipating the substance reactivity and dynamic security of 

atoms[9].Furthermore, the forecast of the energy contrast between FMOs is an awesome sign for a ton of 

significant factors like synthetic hardness (η), worldwide delicate quality (S), and polarizability (α). It is 

notable that low energy hole of the FMO, just as high polarizability,is better attributes for great NLO 

compounds. Fig. 2 outlines the determined energies distinction and the ground state isodensity surface plots 

for the FMOs of DBHC was displayed in Table 1, the FMO energy hole and the worldwide delicate quality 

(S) were influencing by the length and the compliance of the alkoxy chain. As the length of terminal wings 

increment, the worldwide non-abrasiveness and the polarizability increase. Thus, it is anticipated that as the 

length of the alkoxy substituents builds, their attributes improve to be more appropriate applicants in 

nonlinear optical applications                    Table 1. 

 

Table-1.Molecular orbital energies, hardness (η),and global softness (S) of DBHC 

 

Compound  

Dipole Moment 2.0702 Debye 

HOMO LUMO ΔE 

(ELUMO-EHOMO) 

η = 

ΔE(ELUMO-

EHOMO)/2 

S = 1/ΔE = 

(1/2η) 

EHOMO (a.u) 

-0.01788 
ELUMO (a.u) 

-0.2533 

0.2186 0.1147 9.086188 

EHOMO+1 (a.u) 

-0.00796 
ELUMO-1 (a.u) 

-0.2622 

0.1972 0.09013 5.135282 

 

Molecular Electrostatic Potential (MEP) 

 The electrostatic potential that is made in the space around a molecule by its centers and electrons 

(treated as static transports of charge) is a particularly important property for separating and anticipating 

sub-nuclear responsive direct. The potential has been particularly significant as a marker of the objections or 

spaces of a molecule to which a moving closer electrophile and nucleophile is at first attracted. The nuclear 
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electrostatic potential (MEP) is associated with the electronic thickness and is incredibly useful descriptor 

for choosing objections for electrophilic attack and nucleophilic reactions similarly as hydrogen-holding 

affiliations. The responsive areas for electrophilic and nucleophilic attack for is shown in Fig.2. With MEP 

examination, the responsive objections can be arranged by different concealing codes. The Red tone in the 

MEP practical exhibits an Electron-rich site which is a negative region showing Electrophilic reactivity. The 

Blue tone in the MEP practical shows an Electron-lacking site, which is a positive area showing 

Nucleophilic reactivity. Besides, the Green tone in the MEP reasonable shows the unbiased, zero 

electrostatic potential district showing Hydrogen-holding associations. 

 

 

 

 
 

 

                                          Fig-2 

                   

 

 

NLO analysis 

 

In order to confirm the second order nonlinear optical propertiesof the material, the second harmonic 

generation (SHG) test on the powder sample of DBHC isperformed by Kurtz and Perry powder SHG 

method [10].A Q-switched Nd:YAG laser wavelength 1064 nm was used with input radiation 2.2 mJ/pulse. 

A small portion of the DBHCis powdered to a uniform particle size and then packed in a capillary of 

uniform bore and exposed to laser radiations. The output from the sample was monochromated to collect 

only the second harmonic (532 nm) and the intensity is measured using a photomultiplier tube 

 

 

NLO can be well explained by the polarizability analysis of the DBHC using DFT method B3LYP/6-

31G(d,p)]. The dipole moment (µ), the polarizability (α0) and first hyperpolarizability (βtot) are related 

directly to the nonlinear optical efficiency of structures. The calculated value of α,βtot are converted into 

electrostatic units from atomic units (α: 1 a.u = 0.1482 ( 10.) esu; β: 1 a.u = 8.6393 esu) [11] 

 

The total static dipole moment µ’ value of DBHC is found to be 0.0759 Debye. DBHC is found to be polar 

molecules having non-zero dipole moment components. It has a β total value 1495.57 esu. The band gap of 

DBHC is found to be 4.147 eV which is greater than the band gap of the NLO active molecules. Hence a 

least NLO activity is explained for DBHC. This is evidenced by second harmonic generation (SHG) test. 

The experimental studies revealed that the DBHC molecule is NLO inactive in nature. 
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Conclusions 

 

In this work, DBHC is synthesized and characterized by FT-IR, H1 and C13 NMR spectral studies. The 

Gaussian- 03 B3LYP/6-31G(d,p) calculations on the DBHC are used to evaluate the conformational 

analysis of the two possible conformers and conformation with E configuration is  stable conformation, to 

determine the dipole moment, polarizability ,hyperpolarizability, bond lengths, bond angles and torsional 

angles, MEP surface, HOMO–LUMO energies, The NLO behavior analysis of DBHC has been studied 

experimentally by SHG test. It reveals that the molecule was NLO inactive in nature.  
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