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Introduction 

2-Aminothiazole (abbreviated 2AT) is regarded as a 

privileged structure motif in medicinal chemistry due to its 

presence in the numerous pharmaceuticals [1, 2] and 

agrochemicals [3]. The decoration of 2-aminothiazole is, 

therefore, of great current interests. In particular, the 

incorporation of fluoroalkyl groups into 2AT represents an 

attractive strategy in this regard (Scheme 1) [4-6], since it is 

well-known that fluorination of less active precursors often 

leads to potent drugs with enhanced bioavailability, reduced 

toxicity or improved affinity for the target receptor [7,8]. 

Pharmacologically, 2-aminothiazoles are among the most 

important classes of organic compounds. These compounds 

possess versatile type of biological activities; some of these are 

well known for their anti-inflammatory activities such as 

Fentiazac1 and Meloxicam, 2 while compounds like Nizatidine 

possess anti-ulcer activity. In recent years, among the 

computational methods calculating the electronic structure of 

molecular systems, DFT has been favorite one due to its great 

accuracy in reproducing the experimental values of in molecule 

geometry, vibrational frequencies, atomic charges, dipole 

moment, thermodynamical properties, etc. [10]. Related to this 

phenomenon, we wish to present here the spectroscopic 

properties and electronic structure of 2-AT. 

Methodology 

Experimental Details 

The compound under investigation namely 2-AT is 

purchased from M/S Aldrich Chemicals, (USA) with 

spectroscopic grade and it is used as such without any further 

purification. The F T-IR spectrum of the compound was  

recorded in Perkin–Elmer Spectrometer in the range of 4000-

100 cm-1 using  KBr pellet technique. The spectral resolution is 

0.1cm
-1

. The FT-Raman spectrum of the compound was 

recorded in the BRUK ER RFS 27 and Stand alone F T-Raman 

Spectrometer in the frequency range 50-4000 cm-1 . The Laser 

source is Nd:YAG laser source operating at 1064 nm line  with 

200 mW power. The spectra were recorded with scanning speed 

of 20cm
-1

 . The frequencies of all sharp bands are accurate to ±1 

cm
-1

. 

Computational Details 

The molecular geometry optimization and vibrational 

frequency calculations were carried out 2-Amino-6-nitro 

benzothiazole, with GAUSSIAN 09W software package [9] HF 

functional [10] combined with standard 6-311++G(d,p) basis set 

(referred to as ―large‖ basis) and  the density functional method 

used is B3LYP i.e. Becke’s three-parameter hybrid functional 

with the Lee–Yang–Parr correlation functional method with 6-

311++G(d,p).  

Results and discussion 

Molecular Geometry 

The labeling of atoms in 2-AT is given in Fig. 1. The 

structural parameters obtained by ab initio HF/6-311++G (d, p) 

levels basis set are compared to density functional theory 

B3LYP/6-311++G (d, p) levels basis set theory data for 2-

Amino thiazole [11] reported in Table 1. The comparative 

graphs of bond lengths and bond angles of the title molecule 

presented in Figs. 2 and 3 respectively. From the theoretical 

values, it is found that most of the optimized bond lengths are 

slightly larger than the experimental values [12], due to that the 

theoretical calculations belong to isolated molecules in gaseous 

phase and the experimental results belong to molecules in solid 

state. Comparing bond angles and lengths of B3LYP with those 

of HF, as a whole the formers are bigger than later and the 

B3LYP calculated values correlates well compared with the 

experimental data. Although the differences, calculated 

geometrical parameters represent a good approximation and they 

are the bases for the calculating other parameters, such as 

vibrational frequencies and thermodynamics properties. From 
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the data shown in Table 1, it is seen that both HF and DFT 

(B3LYP/6-311++G (d, p)) levels of theory in general estimate 

same values of some bond lengths and bond angles.  

The phenyl ring appears to be a little distorted from its 

regular symmetry as the computed bond lengths: S1-C2 >S1-C4 > 

S1-C5> C2-N3> C2-N6 > N3-C4 > C4-C5. The irregular symmetry 

of the Phenyl ring is also evident from the decrease in value of 

the bond angles at the substitution position as in table 1. The 

ring twisting influences the delocalization of the -electrons and 

can explain the charges of optical as well as the electronic 

properties of the substituent’s [13]. Although theoretical results 

are not exactly close to the experimental values for the 

compounds, they generally accept that bond lengths and bond 

angles depend on the method and the basis set used in the 

calculations and they could be used as foundation to calculate 

the molecular properties for the compounds. 

 

Fig.1 Optimized structure of 2-Amino thiazole 

 

Fig 2.Bond length difference between theoretical (HF and 

DFT) approaches 

Thermodynamic properties 

The values of some thermodynamic parameters (such as 

zeropoint vibrational energy, thermal energy, specific heat 

capacity, rotational constants, entropy, etc.) of 2-AT at 298.15 K 

in ground state are listed in Table 2. The variation in Zero-Point 

Vibrational Energies (ZPVEs) seems to be significant. The 

ZPVE is much lower by the DFT/B3LYP method than by the 

HF method. The biggest value of ZPVE of 2-AT are 

45.056kcl/mol obtained at HF/6-311++G(d,p) whereas the 

smallest values are 42.292 kcal/mol obtained at B3LYP/6-

311++G(d,p). Dipole moment reflects the molecular charge 

distribution and is given as a 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 centers of positive and 

negative charges. Dipole moments are strictly determined for 

neutral molecules. For charged systems, its value depends on the 

choice of origin and molecular orientation. As a result of HF and 

DFT (B3LYP) calculations the highest dipole moment was 

observed for B3LYP/6-311G++(d,p) whereas the smallest one 

was observed for HF/6-311++G(d,p) in each molecule. 

On the basis of vibrational analysis, the statically 

thermodynamic functions: heat capacity (C), entropy (S), and 

enthalpy changes (∆H) for the title molecule were obtained from 

the theoretical harmonic frequencies and listed in Table 6. From 

the Table 6, it can be observed that these thermodynamic 

functions are increasing with temperature ranging from 100 to 

600 K due to the fact that the molecular vibrational intensities 

increase with temperature [14]. 

 

Fig 3.Bond Angle difference between theoretical (HF and 

DFT) approaches 

 

Fig. 4. Mullikan’s Atomic charges between theoretical (HF 

and DFT) approaches 

Mulliken atomic charges 

Mulliken atomic charge calculation has an important role in 

the application of quantum chemical calculation to molecular 

system because of atomic charges effect dipole moment, 

molecular polarizability, electronic structure and more a lot of 

properties of molecular systems. The calculated Mulliken charge 

values are listed in Table 3. The charge changes with basis set 

presumably occur due to polarization.  
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Table 1 Optimized geometrical parameters of 2 Amino thiazole, bond length (A),bond angles (◦) 

 

 

Table 2, The calculated thermo dynamical parameter of 2-amino thiazole 
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Table 3. Mulliken atomic charges of 2-Amino thiazole  

 

 

Table 4. Experimental and calculated absorption wavelength (nm), excitation energies E (eV) and oscillator strengths (f) of 2-

amino thiazole 

 

 

Table 5. Comparison of the experimental (FT-IR and FT-Raman) and theoretical harmonic wave numbers (cm
-1

) of 2 Amino 

thiazole calculated by HF, B3LYP with 6-311++G (d, p) basis set. 
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Table 6. Comparative values of IR and Raman intensities between HF/ 6-311G++ (d, p) and B3LYP/ 6-311G++( d, p) of 2-

amino thiazole.  

 

 

Table 7. Second order perturbation theory analysis of Fock matrix in NBO basis for 2-Amino Thiazole 
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For example, the charge of N (6) atom is -0.468176 for 

HF/6-311++G (d, p) and -0.506083 B3LYP/6-311++G (d,p). 

The charge distribution of amine group is increasing trend in HF 

and B3LYP methods. The charge of H7, H8, H9, and H10 is 

positive in both HF and DFT diffuse functions. Considering the 

all methods and basis sets used in the atomic charge calculation, 

the carbon atoms exhibit a substational  negative charge, which 

are donor atoms. Hydrogen atom exhibits a positive charge, 

which is an acceptor atom. The Mulliken charge distribution of 

2AT is increasing trend in B3LYP as Compared to HF methods. 

The Graphical representation is depicted in Figure 4.  

 

Fig. 5. The molecular orbitals and energies for the HOMO 

and LUMO of the title compound 

Frontier molecular orbitals (FMOs) 

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

lowest-lying unoccupied molecular orbitals (LUMOs) are 

named as frontier molecular orbital’s (FMOs). The FMOs play 

an important role in the optical and electric properties, as well as 

in quantum chemistry and UV–vis spectra [15]. The HOMO 

represents the ability to donate an electron, LUMO as an 

electron acceptor represents the ability to obtain an electron. The 

energy gap between HOMO and LUMO determines the kinetic 

stability, chemical reactivity and optical polarizability and 

chemical hardness–softness of a molecule [16,17].  

In order to evaluate the energetic behavior of the title 

compound, we carried out calculations in vacuo and in organic 

solvent (ethanol)illustrated in Fig 5 and table 4.  The energies of 

important molecular orbitals of 2AT: the highest occupied MOs 

(HOMO), the lowest unoccupied MOs (LUMO) were calculated 

using HF/6-311++G(d,p).The HOMO and LUMO values -

0.2449,-0.05227 respectively. The 3D plots of the HOMO, 

LUMO orbitals computed at theHF/6-311G++(d,p) level for 2-

AT molecule are illustrated in Fig.6. The positive phase is red 

and the negative one is green. It is clear from the figure that, 

while the HOMO is localized on almost the whole molecule, 

LUMO is localized on the phenyl ring. Both the HOMOs and 

the LUMOs are mostly π anti-bonding type orbital’s. The 

calculated energy value of HOMO is -0.2449a.u. And LUMO is 

-0.05227 a.u. in, respectively. The value of energy separation 

between the HOMO and the LUMO is 0.19263 respectively. 

The energy energy separation between the HOMO and the 

LUMO is 0.19263 respectively. The energy gap of HOMO–

LUMO explains the eventual charge transfer interaction within 

the molecule, which influences the biological activity. 

 

 

Fig.6. Experimental FT-IR and FT-Raman Spectrum of 2-

amino thiazole

Table 8. Second-order perturbation energies E (2) (donor → acceptor) for 2-Amino Thiazole 
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Fig.7. Theoretical FT-IR Spectrum of 2-amino thiazole 
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Fig.8 Theoretical FT-Raman Spectrum of 2-amino thiazole 
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Fig. 9 Experimental and theoretical UV–vis spectrum in 

ethanol for the title molecule calculated with the TD-HF/6-

311++G (d, p) method 

Comparative vibrational frequency analysis 

Many numbers of potentially active observable 

fundamentals of a Non-linear molecule which contain N atom is 

equal to (3N-6), apart from three dimensional and three 

rotational degrees of freedom. Hence, 2-AT molecule, which has 

10 atoms with 24 normal modes of vibrations. All vibrations are 

active both in Raman and infrared absorption. The detailed 

vibrational assignment of the experimental wave numbers is 

based on normal mode analyses and a comparison with 

theoretically calculated wave numbers by B3LYP and HF 

methods. The observed and simulated infrared and Raman 

spectra of 2-amino thiazole is shown in Figs. 7,8 and 9, 

respectively. The observed and scaled theoretical frequencies 

using HF and DFT (B3LYP) with 6-311++G(d,p) basis sets with 

vibrational assignments are listed in Table 5.the comparative 

graphs are shown in Fig.10. 
 

Fig.10. Comparative graph of experimental FT-IR and  FT-

Raman and calculated frequency 
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Vibrational analysis 

C-H vibrations 

The range 3100-3000 cm
-1

 which is the characteristic region 

for ready to identification of C-H Stretching vibration [18-20]. 

The bands captured at 3088, 3162 cm
-1

 in FTIR and 3066 cm
-1

 

in the FT-Raman spectra for 2-AT have been assigned to C-H 

Stretching vibration. 

The C-H in plane bending usually occurred in the region 

1300-1000 cm
-1 

[21].here the C-H in plane bending vibration of 

the titled compound are observed at 990 to 1200 cm
-1 

in FT-IR
 

and 1073 in FT-Raman. Theoretically calculated vibrations by 

HF and B3LYP/6-311++G (d, p) level methods good agreement 

with the experimentally recorded data. 

The C-H out of plane bending vibrations are appeared 

within the region 900-675 cm
-1

 [22-24]. In this present title 

molecule the C-H out of plane bending vibrations captured at 

the region 807,774,646 cm
-1

in FT-IR and 676,780 cm
-1

 FT-

Raman are assigned to C-H out of plane bending. The calculated 

HF/6-311++G (d,p)frequencies were well matched with 

B3LYP/6-311++G(d,p) frequencies results. These out of plane 

bending vibrational frequencies are found to be well within their 

characteristic region. 

C=C and ring vibrations 

Generally C= C stretching vibrations occurred in the region 

of 1430–1650 cm
−1

 [26, 27]. Accordingly, In the present study, 

the C=C stretching vibrations of 2Amino thiazole are observed 

at 1356 cm
−1

 in FT-IR and 1276 cm
−1 

in FT-Raman, both this 

two results are well matched with theoretical calculation 

frequencies results. The ring stretching vibrations in FT-IR and 

FT-Raman are assigned to 883,884 cm
−1 

respectively. The 

calculated HF/6-311++G (d,p)frequencies were coincide with 

B3LYP/6-311++G(d, p) (DFT)frequencies results.  

C-S vibration 

In general, the assignment of the band due to C–S stretching 

vibrations in different compounds is difficult. Which is mostly 

weak to medium bands due to C–S stretching vibration in the 

region 780–510 cm
−1

 [28]. The major weak FT-I R band 

observed at 644 cm
−1

 are assigned to this mode, since the FT-

Raman spectra don’t show any of the bands.  Theoretically it is 

computed by HF/6-311+G (d,p) and B3LYP/6-311+G(d,p) 

methods at 632 and 548 cm
−1

 show good agreement with the 

experimental values. 

Amino group vibrations 

The C–N stretching frequency is a rather difficult task since 

there are problems determinations of these frequencies from 

other vibrations. The C–N stretching absorption in the region 

1382–1266 cm
−1

 for aromatic amines [29-31]. In this study, the 

band at 1201cm
−1

 in FT-IR and 1205 cm
−1

 in FT-Raman 

spectrum is assigned to C–N stretching vibration.  Theoretically 

it is predicted scale value at 1212 cm
−1

 (B3LYP) and 1178 cm
−1

 

(HF) (mode No. 15) show excellent agreement with 

experimental data. The C=N band is observed at 1762 cm
-1 

in 

FT-IR spectrum.  

N–H vibrations 

Usually, the N–H stretching vibrations occur in the 

region3500–3300 cm
-1

. The asymmetric –NH2 stretching 

vibration appears from 3500 to 3420 cm
-1 

and the symmetric –

NH2 stretching is observed in the range 3420–3340 cm
-1

. In this 

study, the NH2 asymmetric stretches captured at 3410 cm
-1 

in 

FT-IR spectrum. It is good agreement with HF and B3LYP/6-

311++G (d, p) calculated values. The in-plane NH2 in-plane 

deformation vibrations occur in the short range 1650–1580 cm
-

1
region of the spectrum. Therefore, a very strong band is 

observed in FT-IR at1521 cm
-1

and FT-Raman at 1641 cm
-1

was 

assigned to in-plane deformation mode of the amino group. The 

amino in-plane bending rocking mode normally appears in the 

range 1150–900 cm
-1 

while the wagging bands between 850 and 

500 cm
-1

. Therefore, the bands at 619 and 470 cm
-1

are attributed 

to the wagging and twisting modes of amino group, respectively.  

The rocking mode was observed at 1027cm
-1

in FT-IR and 

1031 cm
-1 

in FT-Raman respectively. Following this frequencies 

are very good agreements with theoretical values, Hatree -fock 

frequencies are well matched with DFT results. These amino 

vibrations are also in good agreement with literature values of 

aniline [32], 4-aminoquinaldine [33] and 5-aminoquinoline [34].   

Computed IR intensity and Raman intensity analysis 

Computed vibrational spectral IR intensities and Raman 

activities of the 2AT molecule for corresponding wave numbers 

by HF and DFT (B3LYP) methods at 6-311++G(d,p) basis set 

have been collected in the Table 6. Comparison of IR intensities 

and Raman intensities calculated by HF and DFT (B3LYP) at 6-

311++G (d,p) level with experimental values exposes the 

variation of IR intensities and Raman activities[Fig.11]. In most 

of the cases, the values of IR intensities by HF are found to be 

higher than B3LYP at 6-311++G(d,p) level whereas in the case 

of Raman intensities the effect is reversed.  

NBO analysis 

The natural bond orbital analysis provides an efficient 

method for studying intra- and inter-molecular bonding and 

interaction among bonds, and also provides a convenient basis 

for investigating charge transfer or conjugative interaction in 

molecular systems. Some electron donor orbital, acceptor orbital 

and the interacting stabilization energy resulting from the 

second-order micro disturbance theory are reported [35,36]. 

NBO analysis has been performed on the molecule at the HF/6-

311++G(d,p) level in order to elucidate the intramolecular, 

rehybridization and delocalization of electron density within the 

molecule, which are presented in Tables 7 and 8.The result of 

interaction is a loss of occupancy from the concentration of 

electron NBO of the idealized Lewis structure into an empty 

non-Lewis orbital. For each donor (i) and acceptor (j), the 

stabilization energy E (2) associated with the delocalization i→j 

is estimated as 

                    <σ│F│σ>
2
          Fij

2
 

E (2) = -nσ                     = - nσ 

                       εσ
* 
- εσ                  ∆E 

Where 

<σ│F│σ>
2  

or  Fij
2
is the Fock matrix element i and j NBO 

orbital’s, εσ
* 

and - εσ are the energies of σ and σ * NBOs and nσ 

is the population of the donor   σ orbital. 

 

Figure 11. Electrostatic potential (ESP), The molecular 

electrostatic potential map (MEP),Total electron density 

(TED), Electrostatic potential contour map and for the title 

molecule 
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A large diversity of energy values was found. The stronger 

donor character is shown by the p-type lone pair of the nitrogen  

atoms. The most important interaction (n–σ*) energies, related 

to the resonance in the molecules, are electron donation from the 

LP(1)S atoms of the electron donating groups to the anti-

bonding acceptor π*(C–N) of the phenyl ring (LP(1)S1 → 

π*(C2–N3) = 35.41kJ mol
−1

. This larger energy shows the 

hyperconjugation between the electron donating groups and the 

phenyl ring. NBO analysis has been performed on the 2-AT at 

the HF/6-311++G (d,p) level in order to elucidate, the 

intramolecular, rehybridization and delocalization of electron 

density within the molecule. The intramolecular interaction are 

formed by the orbital overlap between bonding (C–C) and (C–

C) anti-bond orbital which results intramolecular charge transfer 

(ICT) causing stabilization of the system. These interactions are 

observed as increase in electron density (ED) in C–C anti-

bonding orbital that weakens the respective bonds. The strong 

intramolecular hyper conjugative interaction of the σ electron of 

(S1–C2) distribute to σ*(S1–C5), N3-C4, C4–H7, C5–H8, and N6-

H10of the ring. On the other hand, sides the π (C2–N3) in the ring 

conjugate to the anti-bonding orbital of π*(C4–C5) which leads 

to strong delocalization of 30.49    kJ/mol. The π (C4–C5) bond 

is interacting with π* (C2–N3) with the energy 11.22 kcal/mol 

for 2-AT. The σ (C2–N6) bond is contributing energy by 1.14 

kcal/mol with σ*(C2–N3). In reverse trend, the σ (C2–N3) bond is 

contributing energy by 1.73 kcal/mol with σ* (C2–N6). 

Molecular electrostatic potential analysis (MESP) 

In the present study, the electrostatic potential (ESP), total 

electron density (ED), molecular electrostatic potential (MEP) 

and contour map for 2AT illustrated in Figure 11. The MEP 

which is a plot of electrostatic potential mapped into the 

constant electron density surface. The MEP is a useful property 

to study reactivity given that an approaching electrophile will be 

attracted to negative regions. In the majority of the MEP, while 

the maximum negative region which preferred site for 

electrophilic attack indications as red color, the maximum 

positive region which preferred site for nucleophilic attack 

symptoms as blue color. The importance of MEP lies in the fact 

that it simultaneously displays molecular size, shape as well as 

positive, negative and neutral electrostatic potential regions in 

terms of color grading (Figure 11) and is very useful in research 

of molecular structure with its physiochemical property 

relationship [37,38].  

The resulting surface simultaneously displays molecular 

size, shape and electrostatic potential value. The colour scheme 

for the MESP surface is red1, electron rich, partially negative 

charge; blue, electron deficient, partially positive charge; light 

blue, slightly electron deficient region; yellow, slightly electron 

rich region; green, neutral; respectively. Figure.5.9 indicates that 

the region around nitrogen (N3) atoms represents the most 

negative potential region (red).The dark blue colour represents 

the most positive potential around the amino group region 

(NH2). The predominance of light green region in the MESP 

surfaces corresponds to a potential halfway between the two 

extremes red and dark blue colour.  

Conclusion 

The FT-IR and FT-Raman spectral measurements have been 

made for the 2-AT. The complete vibrational analysis and 

second order NBO analysis, HOMO and LUMO analysis, 

thermodynamic properties of the title compound was performed 

on the basis of DFT  and HF calculations at the HF or B3LYP/6-

311++G(d,p) basis set. The consistency between the calculated 

and experimental FT-IR and FT-Raman data indicates that the 

B3LYP/6-311++G(d,p) method can generates reliable geometry 

and related properties of the title compound. 
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