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Introduction 

  Semicarbazones and Thiosemicarbazone have been 

investigated due to interest in their co-ordination behaviour 

analytical applications [1] and biological properties such as 

antibacterial [2],semicarbazones [3,4] and Thiosemicarbazone 

[5,6] are biologically important nitrogen and oxygen/sulphur 

donor ligands. Semicarbazones of aromatic and unsaturated 

carbonyl compounds have anticonvulsant properties and their 

advantage over the analogues thiosemicarbazones is their lower 

neurotoxicity [7] the alkalised sulphur atom remains 

uncoordinated on complexation. These characteristics and 

properties make these compounds attractive for the preparation 

of variety of new complexes. In recent years, among the 

computational methods calculating the electronic structure of 

molecular systems, DFT and HF have been a favourite one due 

to its great accuracy in reporting the experimental values. The 

success of quantum chemical methods in predicting a large 

number of important parts of their emergence as a legitimate 

tool for many chemical problems  

Synthesis &Experimental details 

Acetone Thiosemicarbazone (ATS) were synthesised in 

laboratory by refluxing acetone (0.05 mol) and 

thiosemicarbazide (0.05 mol) in ethanol medium with constant 

string for 2 hrs. The solvent was evaporated under reduced 

pressure  and un reacted  thiosemicarbazide  was separated from 

the mixture by washing with ethanol The yellow precipitated 

compound was dried  in vacuum in desiccators.  

The FT-IR spectrum was recorded on a Perkin Elmer 

infrared spectrometer with KBr pellets. The FT-Raman 

spectrum was obtained on a Bruker RFS 100/s instrument. For 

excitation of the spectrum, the emission of ND:YAG laser was 

used (excitation wavelength 1064 nm, laser power of 100 mW, 

resolution 4cm-1, number of scans 50 and measurement on solid 

sample). 

Computational details 

The molecules under investigation have been analysed with 

density functional theory (DFT) employing Beckle’s three 

parameter hybrid exchange functional B3LYP and HF. All the 

calculations were performed using Gaussian 09 program[8]. The 

DFT was also used to calculate the dipole moment, mean and 

the first static hyperpolarizability (β) of the title compound. 

Results and Discussion 

  ATS is a substituted semicarbazone with two different 

functional groups such as methyl and amine group in 

semicarbazone the optimized geometry of ATS which is 

performed by HF method and B3LYP methods with atoms 

numerically is shown in figure1. The optimized bond length, 

bond angle is calculated by DFT/B3LYP method are consistent 

with those by HF method(Fig 2). The available X-ray diffraction 

values of similar are also given in Table1 for comparison. The 

theoretical results are almost comparable with the reported 

structure parameters of similar type of compound. The 

experimental N-N bond length is reported at 1.380Å for Acetone 

Phenyl Semicarbazone. The calculated bond length in our 

compound are close related with these values. For the title 

compound bond length C=N as 1.258 to 1.281 shows typical 

double bond characterization of our C=N as 1.348to1.379 or 

shorter than normal C-N which is about 1.48 this showing of C-

N bonds reveals the effect of resonance in this part of the 

molecule. For the title compound this bond angle by DFT 

method as C-N-N as 118.1 to 122.4 and N-C-N is 111.4 and N-

C-N is 116.0. 

Vibrational Analysis 

  The maximum number of potentially active observable 

fundamentals of a non-linear molecule which contains N atoms 

is equal to (3N−6), apart from three translational and three 

rotational degrees of freedom [9]. Hence, ATS molecule, which 

was planar, has 17 atoms with 45 normal modes of vibrations. 

All vibrations are active both in Raman and infrared 

absorptions. The detailed vibrational assignment of the 

experimental wavenumbers is based on normal mode analyses 

and a comparison with the experimental values. The observed 

IR and Raman bands and calculated wave numbers and 

Spectroscopic Investigation, HOMO-LUMO analysis and DFT studies on 

Acetone Thiosemicarbazone 
 D.Sridher

 1
, A.Muthusamy

1
, V.kannappan

2
, R.Karunathan

3
 and V.Sathyanarayanamoorthi

3,*
 

1
Department of Physics,

 
Sri Ramakrishna Mission Vidyalaya College of Arts and Science Coimbatore-641 020, Tamilnadu, India. 

2
Department of Chemistry Presidency College-600 005 Chennai, India. 

3
Department of Physics, P.S.G College of Arts and Science, Coimbatore-641 014, Tamilnadu, India. 

 

 ABSTRACT 

The present investigation is aimed at the experimental and theoretical studies on  

molecular structure, vibration spectra of Acetone Thiosemicarbazone (C4H9N3S) were 

studied The FT-IR and FT-Raman spectra was recorded. The molecular geometry and 

vibrational frequencies of the ground state were calculated by using Hartee-Fock and 

Density functional methods (B3LYP) with6-311, 6-311++G(d,p)basis sets. Comparison of 

the observed fundamental vibrational frequencies of Acetone Thiosemicarbazone by HF 

and DFT method. The electric dipole moment (μ) and the first hyperpolarizability (β) 

values of the investigated molecule were also computed. 

                                                                                                          © 2014 Elixir All rights reserved 

 

 

 

 

 

 

 

 

 

 

 

 

 

ARTICLE INFO    

Article  history:  

Received: 2 May 2014; 

Received in revised form: 

19 June 2014; 

Accepted: 4 July 2014;

 
Keywords  

DFT,  

HF, 

ATS. 

 

Elixir Vib. Spec. 72 (2014) 25577-25582 

g. 65 (2013) 19510-19512  
 

Vibrational Spectroscopy 
 

Available online at www.elixirpublishers.com (Elixir International Journal) 

 

Tele: 

E-mail addresses: sathyanarayanamoorthi@yahoo.co.in 

         © 2014 Elixir All rights reserved 



D.Sridher
 
et al./ Elixir Vib. Spec. 72 (2014) 25577-25582 

 
25578 

assignments are given in Table 2.The experimental and 

theoretical spectrums are shown in figure 3 and 4. 

 
Fig. 1. The theoretical optimized possible geometric 

structure with atoms numbering of acetone 

thiosemicarbazone 

 
Fig.2. Bond length differences between theoretical (HF and 

DFT) approaches 

 

 
Fig.3. Experimental FT IR and Raman Spectrum for ATS 
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Fig. 4.Theoritical FTIR and FT Raman spectrum for ATS 

C=N Stretching 

  The C=N stretching skeletal bonds 25 are observed in the 

range 1650-1550 cm
-1

. According to Socrates [10] The C=N 

stretching for semicarbazones in the range 1655-1640 in IR 

spectrum. Ferraz et al[11] Reported C=N at 1643 for 

Thiosemicarbazone derivatives. For the title compound sharp 

band at 1656cm
-1

 in IR and 1643cm
-1

 in Raman coincides well 

with the experimental values can be contributed to the 

characteristic C=N group. The theoretical wave number of this 

band at 1632cm
-
1is coincide with experimental value. 

 
Fig.4. The molecular orbitals and energies for the  HOMO 

and LUMO  of the title compound 
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C-N Stretching  

  The C-N stretching vibration [12] coupled with δ NH  

active in this region 1275 cm
-1

El– Shahawy et.al[10] 1320cm
-1

 

in the IR spectrum as this  C-N mode. In present case the band at 

1265cm
-1

 in Raman spectrum is assigned in this mode the DFT 

calculations gives the corresponding bands at1260 cm
-1

   

 
Fig.5. Comparative graph of Mulliken atomic charges of 

Acetone Thiosemicarbazone 

N-N Stretching 

  The  N-N stretching has been reported at 1151 cm
-1

by crane 

et.al[13]In the present case the band is observed 1110 , 1104 cm
-

1
 in both IR and Raman spectra and 1038.11cm

-1
 DFT is  

assigned to the  N-N is reported.   

CH3Stretching 

  In the spectra of methyl group overlap of the region in 

which both asymmetric stretching CH3absorb with weak bond at 

(2985  25 cm
-1

, 2970  30 cm
-1

) the computed wave numbers 

of modes corresponding to CH3 groups are 2962 , 3003 cm
-1 

.The symmetrical stretching mode is expected in the range 

2920 80 cm
-1

in which all the three C-H bonds extending and 

contracting in phase[14]The bands present in experimental2901 

(IR) and 2905.20cm
-1

 in Raman are assigned these particular 

modes. Two bending vibrations accrue in methyl group  

NH2 Stretching  

  The NH2 asymmetric stretching vibrations [14] gives rise to 

a strong band in the region3390  60 cm
-1

and the symmetric 

NH2 stretching in the region 2985  25 cm
-1

 with some what 

weaker intensity for this compound. The NH2 bending is 

observed at 1361 in IR 1380 in Raman theoretically NH2 is 

reported at 1409 in HF 1319 in DFT. The amide band absorbing 

in the region 775 45 cm
-1

is assigned to NH2 out of plane twist 

and wagging mode ρNH2 wag is expected in the region[15] 

670 60 cm
-1

. In which all the three C-H bonds extend and 

contract in phase[17] The bands seen at 737 in HF 670 in DFT 

and in experimental 784.21cm
-1

and 786.13cm
-1

 in Raman are 

assigned as these modes. 

N-H Stretching 
  The NH stretching vibration [17] appears as strong and 

broad band in the region3390 60    cm
-1

.In the present study the 

NH stretching band appeared as doublet at 3146.08, 3224.71  

cm
-1

 in the IR region owing to the Davydov coupling between 

the neighbouring units. The splitting in IR spectrum is due to 

Strong inter molecular hydrogen bonding. A similar type of 

splitting observed in acetanilide [16, 17] and N methyl 

acetamide [17] in the stretching band is attributed to the 

Davydov splitting. 

 

 

C=S Stretching 

  The identification of C=S stretching vibration is assigned to 

1022.61cm
-1

 in IR spectra and1029.83cm
-1

 in Raman spectra. 

The calculated values are 922.05cm
-1

 in HF and 874.3861cm
-1

 in 

DFT method. There bands appear consistently in the region of 

114061cm
-1

  to94061cm
-1

  in the IR spectrum because of mixed 

vibrations of –N-C=S moiety[18]  

Mulliken atomic charges   

  Mulliken atomic charge calculation has an important role in 

the application of quantum chemical calculation to molecular 

system because of atomic charge affects dipole moment 

electronic structure, molecular systems. The total atomic charges 

of acetone thiosemicarbazone are obtained by Mulliken 

population analysis is shown in Table 4. The results shows that 

substitution of methyl group in the thiosemicarbazone leads to 

the redistribution of electron density. The charge distribution 

shows all the hydrogen atoms and carbon atoms in few sets are 

positively charged where as the magnititude of the carbon 

atomic charges were found to be both positive and negative 

values the charge of N is negative in most of the basis sets 

however the highest value is   -0.5359e. The sulphur atom has 

negative values only in all basis sets due to electron 

withdrawing nature.The comparative graph for Mulliken charges 

is shown in figure 5. 

Thermo dynamical properties 

  The values of some thermo dynamical parameters (Zero 

point vibrational energy, Thermal energy, Specific heat capacity 

rotational constants, entropy etc.) of ATS at 298.15K in ground 

state are listed in Table5. Dipole moments reflects the molecular 

charge distribution and is given as vector in three dimensions 

therefore it can be used as descriptor to depict the charge 

movement across the molecule. Direction of the dipole moment 

vector in a molecule depends on the centre of positive negative 

charges Dipole moments are strictly determined for neutral 

molecules. Scale functions have been recommended for an 

accurate prediction in determining the zero point vibrational 

energy and entropy Svib (T) The variation in zero point vibration 

energy seems to be significant. ATS molecule has a high dipole 

moment value (5.38 Debye) which increases its ability to 

interact with surrounding matrix. Therefore ATS molecule is a 

prominent structure for many applications. 

Hyperpolarizability  

  The hyper polarizability is calculated using HF method on 

the basis of finite field approach. Calculated parameters are 

listed in Table 3, it is well known that higher values of dipole 

moment and first hyperpolarisability are more important for 

NLO properties The calculated value of first hyperpolarizability 

β of title compound is 67.160 x 10
-33

 esu. Therefore we conclude 

that the title compound is an attractive object for future studies 

of Non linear optical properties.   

Frontier molecular Orbital’s (FMOs) 

  The highest occupied molecular orbital’s (HOMO) and the 

lowest lying unoccupied molecular orbital’s (LUMO) are named 

as Frontier molecular orbital’s (FMO) The FMO play an 

important role in the optical and electric properties [18] as well 

as in quantum chemistry and UV visible spectra. The HOMO-

LUMO energy gap of ATS have been calculated by using ab-

initio HF/6-31G levels is Shown in Fig 6. reveals that the energy 

gap reflect the chemical activity of the molecule are presented. 

LUMO as an electron acceptor represents in the electron ability 

to obtain an electron; HOMO represents to donate an electron. It 

is clear that the HOMO-LUMO gap is 0.10254 it reveals that the 

molecule is soft and easily reactive.  
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Table 1: Optimized geometrical parameters of Acetone ThioSemi Carbazone, bond length (A), bond angles (◦). 

 
*Similar type of compound 

Table 2. Comparison of the experimental (FT-IR and FT-Raman) and theoretical harmonic wave numbers (cm-1) of Acetone 

Thiosemicarbazone calculated by HF, B3LYP with 6-311++G (d, p) basis set  
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Table 4. First order hyperpolarizability of Acetonethiosemicarbazone 

 
 

 

Table 5. Mulliken atomic charges of Acetone Thiosemicarbazone 
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Conclusion 

  A complete vibrational analysis of ATS are performed by 

HF andDFT-B3LYP methods with 6-311++G (d , p)basis sets 

The influence of methyl group, amino group and carbon sulphur 

bond to the vibrational frequencies of the title compound were 

discussed. The N and S atoms negative charge shows that 

electron withdrawing nature. The HOMO-LUMO gap is as 

small 0.10254 it reveals that is a easily reactive compound. The 

first order hyper polarizability values are 67.160 x10
-33

esu.This 

indicates that the title compound is an attractive object for future 

studies of Non linear optical properties.   
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