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Abstract: Quantum chemical calculations of optimized 

parameters, vibrational wavenumbers and energies of sulfa chloro 

pyridazine 

[4-amino-N-(6-chloro-3-pyridazinyl)-benzenesulfonamide] was 

carried out  by using the techniques of FTIR and NMR combined 

with DFT calculations at the Becke3LeeYangPar level with 

6-311G (d, p) basis set. The calculated vibrational data were 

observed to be in great concurrence with the experimental results. 

Natural bonding orbital analysis revealed important details of the 

electronic structure and dominant intramolecular interactions in 

4-Amino-N-(6-chloro-3-pyridazinyl)-benzenesulfonamide. The 

difference between highest occupied and lowest unoccupied 

molecular orbitals showed that charge transfer occurs within the 

molecule. In addition, molecular electrostatic potential charge 

analysis was additionally researched.  

 

Index Terms: Sulfachloropyridazine, Vibrational spectra, 

HOMO-LUMO, TD-DFT 

I. INTRODUCTION 

  Pyridazine and pyridine derivatives belong to the family 

of heterocyclic compounds which are widely used in 

medicinal chemistry [1]. The compounds which have 

nitrogen atoms consist of different and large chains of 

properties in pharmacology and biological fields [2]. 1, 

2-diazine is known as pyridazine, having six membered rings 

like structure with two nitrogen atoms placed close to each 

other. Because of the presence of nitrogen atoms at different 

positions, pyridazine results to remarkable differences in 

their physio-chemical properties of the molecule and also it is 

a well-known popular pharmacophore found in various 

herbal medicines as pyridate, credazine and pyridafol. 

Pyridazine compounds can advance the properties of any 

drug molecules by increasing their solvency and sharing as 

acceptors of hydrogen bond. This hydrogen bond has strong 

ability to form complexes because of their dipole moment 

nature [3]. Sulfa drugs act as the foundation for several 

groups of drugs, which are derived from sulfanilamide. 

Sulfonamide drugs [4] are said to be the first antibiotic drug 
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to be used systemically and paved the path for the change in 

antibiotic medicines.  

ulfachloropyridazine (SClP) is extensively used to treat 

acute infections of urinary tract causing especially in 

pediatric patients. In addition, sulfachloropyridazine is also 

used to study reaction, kinetic  

pathways and toxicity evolution [4]. The XRD crystal 

structure of the SClP was reported by Hong Liang et al. [5]. 

Martucci et al. [6] reported the absorption and reaction of 

sulfachloropyridazine and sulfonamide antibiotic on a high 

silica mordenite. Based on the above observations, we 

concluded that there are neither theoretical calculations nor 

detailed spectral characterization and molecular docking 

studies performed for SClP molecule so far. Hence an 

efficient detailed study on the given molecular structure and 

vibrational spectra analysis will lead to a better 

understanding the properties of SClP molecule in depth. So 

our literature gives a detailed report based on the results 

obtained from the geometrical parameters (Theoretical and 

Experimental), vibrational analysis, NBO, NMR and 

UV-visible, electrostatic potential for the SClP molecule with 

antibacterial effect. 

II. MATERIALS AND METHODS 

A. Materials   

The drug sulfachloropyridazine (SClP) is available in 

crystalline state was procured from Sigma Aldrich with a 

purity of more than 99.99 % and used to record the spectrum 

without any further purification. The spectrum of FT-IR for 

SClP was recorded in 4000-400 cm-1the range on a standard 

instrument called Perkin Elmer as shown in Fig.1 with a high 

scanning speed of 10 cm-1 at room temperature and 

FT-Raman spectrum was recorded from standard instrument 

called BRUKER RFS 27: spectrometer by using 1064 nm 

excitation wave length of a solid state Nd-YAG Laser in the 

region of 3500-50 cm-1 with a spectral resolution of 2 cm-1 as 

shown in Fig.2. UV-vis (Ultraviolet-visible) absorption 

spectrum was recorded from standard instrument like Cary 

5EUV-Vis spectrophotometer in the spectral region of 

400-200 nm using the solvents water and methanol for SClP 

molecule as shown in Fig.3. The NMR (Nuclear Magnetic 

Resonance) spectra for 1H and 13C were recorded in DMSO 

solution by dissolving the given sample on a standard 

instrument like Bruker DPX 400 MHZ spectrometer using 

SClP as a common reference as shown in Figs.4-5.  
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The UV-vis, NMR spectrums were carried out at VIT 

University, Vellore and FT-IR, FT-Raman spectrums were 

recorded at I.I.T Madras. 

B. Computational Details 

The different geometrical parameters and vibrational 

frequencies related to SClP have been computed using 

Gaussian 09W (Frisch et al.,2009) software. The diffuse basis 

set used in the package is 6-311G (d, p) which are 

additionally included by‘d’ polarization function on 

main-group elements and ‘p’ on only hydrogen atoms. These 

polarization functions were used for comprehensive report of 

polar bonds of molecules [7], [8]. It should be noted that ‘p’ 

polarization function gives importance to hydrogen atoms 

because they are suitable for mimicking the out-of-plane 

vibrations and also for a enhanced description of the 

vibrational modes and 

molecular geometry of the molecule. In the Gaussian 09W 

[9] software at the DFT/Becke3LeeYangPar/6-311G (d,p) 

method, the NBO (Natural Bonding Orbital) calculations 

[10] were performed from NBO 5.0 program. By using 

VEDA 4 program [11] the normal modes of vibrational 

assignments were considered on the basis of TED. The purity 

of the fundamental modes was predicted by subsequent total 

energy distribution (TED) and the real and accurate spectral 

analysis also predicted. To find out whether the calculated 

and experimental data are good in agreement or not, the 

calculated vibrational wave numbers are measured [12] with 

scale factor 0.967 in order to remove the systematic error 

occurred by different ways of anharmonicity and electron 

density. By using time dependent density functional theory 

method, for a given molecule the UV-visible spectra, 

electronic transitions, vertical excitation energies, oscillator 

strength and electronic properties were also analyzed by 

considering solvent effects [13],[14]. The presence of 

isotropic chemical shifts 1H and 13C of SClP molecule in 

NMR were determined by GIAO (Gauge-Independent 

Atomic Orbital) method [13],[14] using strong geometrical 

parameters. The computed values of chemical shift were 

extracted by subtracting the GIAO calculation [15], [16] For 
1H and 13C the isotropic magnetic shielding (IMS) of any X 

atom (carbon or hydrogen) are considered from the value of 

TMS. The chemical shift of the given molecule can be 

deliberate by using the formula as given below. 

CSx = IMTMS− IMSx. 

Where CSx is called chemical shift of SClP molecule, 

IMTMS is the isotropic magnetic shielding for the reference 

Tetra methyl silane (TMS) and IMSx is the isotropic magnetic 

shielding for the given molecule. 

 

   B. Raman’s activity prediction about intensities 

The intensity of Raman activity (Si) calculated by Gaussian 

09 software [8] are converted into some other intensities of 

Raman (Ii) which have similarities by expending the ensuing 

relation, extracted after the Raman scattering intensity theory 

[17], [18] 

 

 

   
 

Where νo called excited wave number measured in cm−1, νi 

is ith state frequency of normal mode of vibration, while h, c ,k, 

t are  Planck constant, speed of light, Boltzmann constant, 

temperature respectively and f is chosen particularly as 

common normalization factor for all types of highest 

intensities. The FT-Raman calculated spectra has been drawn 

by using pure Lorentizian band shape curve of bandwidth 

(FWHM) of 10 cm-1 along with theoretical FT-IR spectra for 

the purpose of simulation as shown in Fig.6. 

III. RESULTS AND DISCUSSION 

A. Molecular geometry 

The molecular arrangement of the atoms in 

sulfachloropyridazine (SClP) is illustrated in Fig.7. The 

structural parameters like bond distance, bond angle and 

dihedral angle of SClP compound were calculated by 

B3LYP/6-311G (d, p) technique and  the outcomes were 

made in comparison to electron diffraction method (XRD) 

data of  a SClP molecule  which are presented in Table 1. The 

given molecular structure is monoclinic having space group 

of P21/c, with Z=4 and cell parameters a=5.549(2) Å, 

b=17.097(7) Å, c= 12.606(5) Å, β= 92.647(10)°,                               

V= 1194.6(8). The starting point of the DFT calculation can 

be worked out by taking into consideration of 

crystallographic data of SClP molecule which were reported 

by Hong Liang et al. [5] and optimize molecular geometry is 

justified by finding minima from the potential energy surface 

(PES) and frequency. In SClP, the benzene and pyridazine 

ring structures are connected by S-N bond which act as the 

intermediate bridge for the charge transfer between the rings 

as shown in Fig.7. The two rings lose their planarity which is 

clearly observed from the dihedral angle at computed value 

of C1-S14-N17-C19 = 79.20° and at XRD -63.48°.  

Many researchers[19],[20]explained the frequency 

changes related to C-H bonding by substitution and charge 

distribution in carbon atom of the ring systems. The 

substituent atom may act as electron donating groups such as 

(CH3, NH2 and C2H5) or electron withdrawing group like                

(F, Cl, Br, NO2 etc.). It is quite interesting to know that the 

carbon atom is linked to the hydrogen atom it forms sigma (σ) 

bond in the ring system and Cl atom is substituted by 

hydrogen atom in the ring system, it decreases the electron 

density of the carbon atom in ring sized structure. Due to this, 

carbon atoms experience large attractive force on the valence 

electron cloud and results in increase in the force constant of 

C-H and decline in the bond length respectively. But in the 

case of electron donating group it is quite opposite because 

the charge density reliability of C-H bond is prejudiced by 

both the consequence of mesomeric interaction and electron 

dipole moment field of the polar substituent atoms. Some of 

the C-H bond length of SClP compound is given as C2-H7 = 

1.083 Å, C3-H8 = 1.085 Å, C5-H9 = 1.085 Å, C6-H10 = 

1.081 Å, C20-H22 = 1.084 Å and C21-H24 = 1.082 Å for 

both the rings. While if we look at the similar C-H bond 

length in XRD data, the value seems to be lower. This 

difference is because of low scattering factor of hydrogen 

atoms which are linked to the X-Ray diffraction experiment.  
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Table1. Geometrical parameters optimized in sulfachloropyridazine [Bond length (Å), bond angle (◦) and dihedral angle (◦)] 

determined with Becke3LeeYangPar level (B3LYP) with 6-311G (d, p) basis set and electron diffraction (XRD) method. 

Parameters 
B3LYP/ 

6-311G(d, p) 
aXRD Parameters 

B3LYP/ 

6-311G(d, p) 

 

aXRD 

 

Bond length (Ǻ)   C4-C5-H9 119.56 119.62 

C1-C2 1.396 1.393 C6-C5-H9 119.59 119.64 

C1-C6 1.396 1.392 C1-C6-C5 119.37 119.91 

C1-S14 1.772 1.734 C1-C6-H10 119.81 120.06 

C2-C3 1.384 1.372 C5-C6-H10 120.81 120.04 

C2-H7 1.083 0.950 C4-N11-H12 117.42 115.36 

C3-C4 1.408 1.405 C4-N11-H13 117.32 119.37 

C3-H8 1.085 0.950 H12-N11-H13 114.14 124.87 

C4-C5 1.408 1.397 C1-S14-O15 109.60 109.00 

C4-N11 1.379 1.356 C1-S14-O16 109.10 109.98 

C5-C6 1.384 1.374 C1-S14-N17 105.14 106.70 

C5-H9 1.085 0.950 O15-S14-O16 121.66 119.40 

C6-H10 1.081 0.950 O15-S14-N17 109.28 108.22 

N11-H12 1.008 0.859 O16-S14-N17 100.60 102.69 

N11-H13 1.008 0.840 S14-N17-H18 110.04 114.18 

S14-O15 1.452 1.433 S14-N17-C19 125.96 126.60 

S14-O16 1.460 1.434 H18-N17-C19 118.20 113.75 

S14-N17 1.728 1.647 N17-C19-C20 120.32 124.03 

N17-H18 1.011 0.795 N17-C19-N25 117.17 112.56 

N17-C19 1.387 1.394 C20-C19-N25 122.48 123.82 

C19-C20 1.411 1.399 C19-C20-C21 117.25 116.95 

C19-N25 1.332 1.325 C19-C20-H22 121.23 121.52 

C20-C21 1.371 1.359 C21-C20-H22 121.52 121.43 

C20-H22 1.084 0.951 C20-C21-C23 116.60 116.95 

C21-C23 1.402 1.390 C20-C21-H24 122.26 121.42 

C21-H24 1.082 0.950 C23-C21-H24 121.14 121.47 

C23-N26 1.312 1.306 C21-C23-N26 124.11 124.40 

C23-Cl27 1.755 1.729 C21-C23-Cl27 119.19 120.32 

N25-N26 1.332 1.347 N26-C23-Cl27 116.70 115.27 

Bond angle (o)   C19-N25-N26 119.98 119.23 

C2-C1-C6 120.83 120.24 C23-N26-N25 119.57 118.90 

C2-C1-S14 119.04 119.20 Dihedral angle (o)   

C6-C1-S14 120.11 120.44 C1-S4-N17-C19 79.20 -63.48 

C1-C2-C3 119.60 119.57    

C1-C2-H7 119.88 120.20    

C3-C2-H7 120.51 120.23    

C2-C3-C4 120.60 120.97    

C2-C3-H8 119.77 119.55  

 

C4-C3-H8 119.63 120.97  

C3-C4-C5 118.75 119.53  

C3-C4-N11 120.61 120.80  

C5-C4-N11 120.61 120.67  

C4-C5-C6 120.86 120.74  
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The electron donating amine [NH2] group in the aromatic 

ring and electron withdrawing Cl atom in the pyridazine ring 

leads to the shortening and lengthening of C-C and C-N bond 

distances and adjacent angle to the substituent atoms are 

given in Table 1. If we observe the tabular column, there is a 

slight change in the bond length order related to benzene ring, 

which can be given  as C3-C4 =1.408 Å, C4-C5 = 1.408 Å, 

C1-C2=1.396 Å, C1-C6 = 1.396 Å, C5-C6=1.384 Å and 

C2-C3 = 1.384 Å and for aromatic ring  C19-C20= 1.411 Å, 

C21-C23=1.402 Å, C20-C21= 1.371 Å, N25-N26=1.332 Å, 

C19-N25=1.332 Å and C23-N26=1.312 Å in  respective 

manner which are computed from B3LYP/6-311G (d, p) 

method. The increase and decrease of various bond distance 

like C-C, C-N and N-N  at the substituent place accompanies 

slight irregularity in hexagonal structure which is given 

clearly from C2-C1-C6 = 120.83°, C1-C2-C3=119.60° and 

C1-C6-C5 = 119.37° in benzene ring and for pyridazine ring 

C20-C19-N25=122.48°,C19-C20-C21=117.25°, C21- C23- 

N26=124.11° and C19-N25-N26=119.98°. The electron  

diffraction (XRD) experimental values for those bond angles 

can be given as 120.24°, 119.57°, 119.91°, 123.82°, 116.95°, 

124.40° and 119.23° respectively. 

In 4-nitrobenzosulfonamide molecule [21] the bond length 

of SO2 calculated from XRD are 1.433 Å and 1.434 Å. But 

the computed bond length can be given as S14-O15=1.452 Å 

and S14-O16=1.460 Å which are predicted by DFT theory at 

B3LYP level with 6-311G (d, p) basis set. The above data 

reveals that bond length values calculated from experimental 

and theoretical are in good agreement as summarized in 

Table 1. We know that  chlorine atom  is  having high electro 

negativity nature and always tries to get additional electron 

density, so Cl draws from adjacent atoms and move closer to 

share the electron more easily which results in lengthening of 

the bond distance. In SClP the bond distance of C23-Cl27 is 

1.729 Å from XRD, which shows good correlation with 

theoretical method at 1.755 Å. The calculated bond length for 

C4-N11 is 1.379 Å and whereas the calculated value from 

DFT/B3LYP/6-311G (d, p) method is 1.356 Å. If we observe 

data in Table 1 of the optimized geometrical parameters of 

SClP molecule, there is some reasonable deviation from the 

experimental to theoretical data because of the crystal nature 

form, which are involving in intermolecular hydrogen 

bonding. The calculations based on the theoretical data are 

valid to gaseous state and experimental measurements are 

considered in crystal nature form. From the above results 

comparisons are made between theoretical and experimental 

data, where we conclude that even though there are 

differences present between computed and literature values, 

the optimized geometrical parameters of SClP can reproduce 

well with the experimental one and they can act as the origin 

for added discussions. 
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 Figure 1. FT-IR spectrum of sulfachloropyridazine with 

respect to Transmittance and Wave number 

C.  Figures and Natural atomic charges 

The distribution of electrons in the atoms of SClP 

molecule can be explained using natural atomic charge by 

DFT theory at B3LYP level as 6-311G (d, p) basis set, with 

consideration of bar diagram as shown in Fig.8. The result 

analysis reveals that amino group present in the aromatic ring 

has a moderate negative charge N11 (-0.830 e) and act as an 

electron donor over the C4 (0.199 e) having less positive 

charge. On the other hand the Cl27 atom shows positive 

charge (0.018 e) when compare to other atoms, which are 

concentrated over the pyridazine ring. S14 atom shows more 

positive charge (2.350 e) because of the presence of 

electronegative atoms O15 and O16 in adjacent positions 

with charges (-0.915 e) and (-0.954 e). When C19 atom is 

attached to the N17, it shows positive charge of (0.365 e) and 

this data notifies that NH2, Cl27 and SO2 atoms are playing an 

imperative part in finding out the geometrical structural 

properties of SClP molecule. 

D.  NBO analysis 

Linear combination of natural atomic orbitals (Natural 

Bonding Orbital) was done with NBO 5.0 program [14] 

which is implicated in Gaussian 09W software [8] in order to 

understand the molecular interpretation for hyper conjugative 

interaction and transfer of electron density taking place from 

filled lone pair of electron of one system to another system in 

the molecular environment. The DFT/B3LYP/6-311G (d, p) 

theory considered to analyze the different second order 

interactions between the filled and unfilled orbital of systems 

[22],[23]. To determine the delocalization or hyper 

conjugation of the molecular system, the interaction energy 

was derived from the second order perturbation approach 

which is given as 
22

2
*

ijFF
E n n

E


 


 

 
= − = −

−   

where  

2F  
  or 

2

ijF
 represents the element 

between i and j NBO orbitals, 


and *


are the energies of bonding (σ), anti-bonding 

(σ*)  orbitals,  and   nσ  represent the population of the donor ( 

σ) orbitals. 

 

aTaken from ref [5] 
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Figure 2. Fourier Transform-Raman spectrum of  

sulfachloropyridazine with respect to Raman Intensity and 

Wave number. The intermolecular hyper conjugate 

interactions are caused by the overlapping of orbitals 

between bonding (σ, π) and anti-bonding orbitals (σ*, π*) of 

C-C, C-S, C-N, C-O and C-H bonds. These bonds produce 

intermolecular charge transfer (ICT) and attain stability for 

the molecular system. In SClP molecule, these types of 

interactions are observed when electron density (ED) 

increases for antibonding orbitals by making their respective 

bonds weak. For a conjugated single and double bond of 

SClP molecule the electron density is about ~1.97 e, this 

signifies that strong delocalization occurring in the molecule 

is clearly mentioned in Table 2. The hyper conjugative 

interaction of intermolecular system σ (C1-C2) provides 

energy to anti-bonding orbitals σ* (C1-C6) and σ* (C2-C3) 

with strong energy of 5.10 and 3.16 KJ/mol. This leads to 

further conjugation of anti-bonding orbitals of π* (C3-C4) 

and π* (C5-C6) raising to a strong delocalization of 13.06 

and 24.16 KJ/mole as given in Table 2. Similarly the σ 

(C3-C4) provides energy to σ* (C2-C3) and σ* (C4-C5) with 

stabilizing energy of 3.21 and 3.84 KJ/mol. This type of 

conjugation is again observed with anti-bonding orbitals of 

π* (C1-C2) and π* (C5-C6) having stabilization energy of 

30.61 and 13.86 KJ/mole and similar type of behavior of  

molecular interaction was also predicted in the σ (C5-C6) and 

σ (C19-N25) as mentioned in Table 2. The strong hyper 

conjugative interactions are formed by the overlapping of 

orbitals between LP (N), LP (S), LP (O) and LP (Cl) which 

creates ICT and causes stabilization of the system in 

molecule. The intermolecular interactions are forming from 

LP1 (N11) →π* (C3-C4), LP1 (O15) →σ* (C1-S14), LP2 

(O15) →σ* (S14-O16), LP2 (O16) →σ* (C1-S14) and LP1 

(N17) →π* (C19-N25) with stabilizing energy of 32.60, 

16.04, 6.05, 15.03 and 34.14 KJ/mole are tabulated in Table 

2. 

The NBO results also describe the bonding nature of a 

molecule in terminology of natural hybrid molecular orbital. 

For example LP2 (O15) occupies high energy orbital 

(-0.2969 a.u) with significant type p-character (99.82 %) 

having low occupational number (1.8160) and LP1 (O15) 

occupies low energy orbital (-0.8212 a.u) having type 

p-character (23.84 %) and high occupational number 

(1.9831) as summarized in Table 3. There is the possibility of 

LP1 (N17) having the  

highest energy orbital (-0.3214 a.u) with an amount of 

p-character 93.46 % with low occupational number (1.8020). 

From the above analysis we conclude that only pure p-type of 

lone pair orbital participates in the electron donation of LP1 

(N11) →π* (C3-C4), LP1 (O15) →σ* (C1-S14), LP1 (N17) 

→ π* (C19-N25) and LP2 (O15) →σ* (S14-O16) interaction 

in the SClP molecule. 
 

E.  Vibrational analysis  
 

Theoretical and vibrational spectral assignments of FT-IR 

& FT-Raman for SClP molecule has been computed using 

DFT/B3LYP/6-311G (d, p) method. From the Table 4 we 

notice that predicted wave numbers have not shown any 

imaginary frequency. So, this statement suggests that 

optimization of geometrical structure is present near the local 

lowest point on the potential energy surface (PES). The 

molecule SClP contains 27 atoms with 75 normal modes of 

vibrations and possesses Cs point group symmetry which can 

be given as Г3N-6 = 51 A’ (in-plane) + 24 A’’ (out-of-plane) 

where A’ represents the symmetric planar system ,                          

A’’ represents asymmetric non-planar vibrational system.  

All types of vibrations are active in mode for IR and 

Raman spectra. 
 

F.  C-H vibrations 
 

Generally C-H stretching types of modes for the given 

molecule are appearing with strong Raman intensity signal 

and are highly polarized in nature. In experimental spectra 

even though there is a high polarization, none Raman bands 

are observed. The hetero type of aromatic structure exhibit 

vibrations related to C-H stretching type in the region of 

3100-3000 cm-1 which is said to be the most important region 

to identify these types of vibrations [24]. In this particular 

range, the bands do not have a significant effect because of 

the nature of the other atoms. In a SClP molecule there exists 

four C-H bonds in the aromatic ring and two bonds in the 

pyridazine ring, so we expect six types of C-H stretching type 

of bonds like C-H in-plane and C-H out-of-plane bending 

type of vibrations corresponding to C2-H7, C3-H8, C5-H9, 

C6-H10, C20-H22 and C21-H24 bonds respectively.  The 

spectrum of FT-IR shows strong and weak bands at 3137 

cm-1, 3075 cm-1 and for FT-Raman spectrum at 3071 cm-1, 

3051 cm-1 wave numbers subjected to C-H type of stretching 

vibrations. The computed wave number by 

DFT/B3LYP/6-311G (d, p) method theoretically occurs at 

3120, 3105, 3100, 3076, 3065 and 3063 cm-1 (mode nos.4-9)  

with TED  having a contribution of ~95 % as given in Table 

4. 
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Table 2. Second order perturbation theory analysis of Fock matrix in Natural bonding orbital basis (NBO) for   

sulfachloropyridazine in terms of bonding and anti bonding orbitals. 

 

Donor (i) Type ED/e 
Acceptor 

(j) 

Typ

e 
ED/e 

E(2)a 

(KJmol-1) 

E(j)-E(i)b 

(a.u) 

F(i,j)c 

(a.u) 

C1-C2 σ 1.97575 C1-C6 σ* 0.02555 5.10 1.28 0.072 

C1-C2 σ 1.97575 C2-C3 σ* 0.01488 3.16 1.30 0.057 

C1-C2 π 1.70407 C3-C4 π* 0.40858 13.06 0.29 0.056 

C1-C2 π 1.70407 C5-C6 π* 0.29103 24.16 0.30 0.076 

C1-C6 σ 1.97584 C1-C2 σ* 0.02555 5.16 1.27 0.072 

C1-C6 σ 1.97584 C5-C6 σ* 0.01475 3.03 1.30 0.056 

C1-C6 σ 1.97584 C5-C9 σ* 0.01377 2.31 1.15 0.046 

C1-S14 σ 1.97031 S14-O15 σ* 0.14448 2.27 0.99 0.044 

C1-S14 σ 1.97031 S14-O16 σ* 0.13630 2.03 0.98 0.041 

C1-S14 σ 1.97031 S14-N17 σ* 0.28747 1.54 0.79 0.033 

C2-C3 σ 1.97169 C1-C2 σ* 0.02555 4.08 1.26 0.058 

C2-C3 σ 1.97169 C1-S14 σ* 0.17387 4.25 0.88 0.057 

C3-C4 σ 1.97235 C2-C3 σ* 0.01488 3.21 1.28 0.057 

C3-C4 σ 1.97235 C4-C5 σ* 0.02464 3.84 1.24 0.062 

C3-C4 π 1.60308 C1-C2 π* 0.43367 30.61 0.27 0.082 

C3-C4 π 1.60308 C5-C6 π* 0.29103 13.86 0.29 0.058 

C4-C5 σ 1.97240 C3-C4 σ* 0.02469 3.86 1.24 0.062 

C4-C5 σ 1.97240 C5-C6 σ* 0.01475 3.18 1.28 0.057 

C5-C6 σ 1.97173 C1-C6 σ* 0.02555 3.93 1.26 0.063 

C5-C6 σ 1.97173 C1-S14 σ* 0.17387 4.38 0.88 0.057 

C5-C6 π 1.69862 C1-C2 π* 0.43367 14.73 0.27 0.058 

C5-C6 π 1.69862 C3-C4 π* 0.40858 24.37 0.27 0.058 

S14-O15 σ 1.98716 S14-O16 σ* 0.13630 0.83 1.26 0.030 

S14-O16 σ 1.98716 S14-N17 σ* 0.28747 2.11 1.07 0.046 

S14-N17 σ 1.97178 S14-O15 σ* 0.14448 2.52 1.03 0.047 

S14-N17 σ 1.97178 S14-O16 σ* 0.13630 2.68 1.02 0.048 

C19-C20 σ 1.97473 S14-N17 σ* 0.28747 1.69 0.83 0.036 

C19-N25 σ 1.98742 C19-C20 σ* 0.03515 3.06 1.36 0.058 

C19-N25 π 1.72290 C20-C21 π* 0.24227 12.13 0.33 0.057 

C19-N25 π 1.72290 C23-N26 π* 0.37607 20.60 0.31 0.073 

C20-C21 π 1.71266 C19-N25 π* 0.38977 24.37 0.28 0.076 

C20-C21 π 1.71266 C23-N26 π* 0.37607 21.52 0.27 0.070 

C23-N26 π 1.77051 C19-N25 π* 0.38977 13.67 0.32 0.064 

C23-N26 π 1.77051 C20-C21 π* 0.24227 14.88 0.34 0.064 

N11 LP(1) 1.81084 C3-C4 π* 0.40858 32.60 0.31 0.096 

O15 LP(1) 1.98312 C1-S14 σ* 0.17387 16.04 0.46 0.077 
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O15 LP(2) 1.81603 S14-O16 σ* 0.13630 6.05 0.57 0.053 

O16 LP(2) 1.82375 C1-S14 σ* 0.17387 15.03 0.47 0.075 

N17 LP(1) 1.80205 C19-N25 π* 0.38977 34.14 0.30 0.095 

N25 LP(1) 1.92745 C19-C20 σ* 0.03515 10.35 0.88 0.086 

N26 LP(1) 1.92160 C21-C23 σ* 0.03974 10.90 0.88 0.088 

Where aE(2) means energy of hyper conjugative interaction 

(stabilization energy) 
                     bEnergy difference between donor and acceptor i 

and j NBO orbitals. 
                    cF(i,j) is the Fock matrix element between i and j 

NBO orbitals. 

              a.u- arbitrary unit. 

 

The in-plane bending vibrations of C-H can appear in the 

region of 1300-1000 cm-1 at the substituted ring systems and 

at the frequency range of 1000-750 cm-1, out-of-plane 

bending vibrations will occur [25]. In the SClP molecule 

from very strong to weak band in FT-IR, spectra occurs at 

1309, 1240, 1190, 1144 cm-1 and at 1308, 1240, 1189, 1145, 

1037 cm-1 in FT-Raman. The vibrational mode wave 

numbers are calculated theoretically for C2-H7, C3-H8, 

C5-H9, C6-H10, C20-H22, and C21-H24 units at 1291, 1236, 

1169, 1130, 1117, 1077, 1038 cm-1(mode nos. 20, 24, 25, 27, 

28, 30, 32) and TED is corresponding to a mixed type of 

mode which is shown in Table 4. 

  The out-of-plane bending vibrations of aromatic C-H 

bond will occur at 951, 817 and 815 cm-1 (mode nos. 35, 39 

and 40) by using B3LYP/6-311G (d, p) method. From density 

functional theory, recorded values are good in agreement 

when compared to the recorded FT-IR band at 825 cm-1 and 

966 cm-1 and FT-Raman band occurring at 818 cm-1 

respectively. From the above observations we can say that 

computed and recorded spectral data are found very close to  

each other and match well with already reported data 

[26],[27]and TED is having a contribution of ~ 50 %  as 

summarized in Table 4. 

G. C-Cl vibrations 
 

The C-Cl vibrations which are formed between the ring 

and the chlorine atom are expected to be in mixed mode 

because of the lowering of molecular symmetry and the 

presence of heavy atom on the edge of the molecule [28]. The 

work related to the C-Cl stretching and bending vibrations 

have been assigned by comparing with similar molecules. 

Mooney [29]assigned the C-X (X=Cl, Br, I) vibration occurs 

in the frequency range of 1129-480 cm-1, but the stretching 

vibrations of C-Cl are observed in the region 710-505 cm-1. 

The molecule which has more than one chlorine atom 

exhibits very strong bands due to the presence of asymmetric 

and symmetric stretching modes. Vibrational coupling results 

in the shifting of  the absorption to a higher wave number of  

840 cm-1 with other groups and for simple organic chlorine 

compounds C-Cl absorption occurs in the region of 750-700 

cm-1 but the trans – gauche behavior occurs near 650 cm-1 

[30]. From the above data the wave number is computed by 

the consideration of DFT/B3LYP/6-311G (d, p) method for 

C-Cl vibration at 442 cm-1 (mode no. 54) to SClP molecule 

with TED contribution of 24%. The C-Cl stretching vibration 

recorded at 438 cm-1 is related to FT-Raman spectrum. Most 

of the chloro atom in aromatic act as a substitute compounds 

and exhibits strong to medium bands in the region of 385-265 

cm-1 [24] when subjected to C-Cl in-plane bending vibration. 

The wave number occurring at 338 cm-1(mode no. 62) was 

assigned to C-Cl in-plane bending vibration with TED 

contribution of 25% from B3LYP/6-311G (d,p) method. 

H. N-H vibrations 

Generally the N-H stretching vibrations will appear in the 

region of 3500-3300 cm-1 [31]. The calculated wave number 

subjected to the N-H stretching vibration is observed at 3479 

cm-1 (mode no.2) from B3LYP/6-311G (d, p) method. The 

FT-IR and FT-Raman spectrum occurring at 3394 cm-1 and 

3393 cm-1 are assigned to have N-H stretching type of  

vibration and  the difference between the computed and 

recorded wave number was about  ~ 85 cm-1. This was 

because of the formation of both inter and intra molecular 

N-H….O hydrogen bonding.  The wave number occurred at 

1398 cm-1 was assigned to N-H in-plane bending vibration 

with TED contribution of 45% by the consideration of 

B3LYP level with 6-311G (d, p) basis set. The recorded 

spectrum for FT-IR and FT-Raman give a weak band to N-H 

vibration between the region 1392 cm-1 and 1388 cm-1. 

I.   NH2 vibrations 

The amino group is normally called as the electron donor 

group in the ring system [32]. The NH2 group will share their 

lone pair of electrons with π-bond electrons of the ring 

structured atoms. Amine group in the aromatic ring is just 

higher than aliphatic amine. These types of bands are usually 

shifted towards a higher wave number because of hydrogen 

bonding. The symmetric and asymmetric type of stretching 

vibration of aromatic primary amine is noted between the 

region 3500-3220 cm-1. The bands which are observed at 

3496 and 3316 cm-1 are related to NH2 asymmetric and 

symmetric type of stretching vibrations. The lowering of 

wave number of NH2 stretching is due to interruption by 

intermolecular interactions [33]. The NH2 scissoring occurs 

at 1700-1600 cm-1 and rocking deformation is around 

1150-900 cm-1 [30].   
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Table 3. Natural bonding orbital (NBO) result showing the 

formation of Lewis and non-Lewis orbitals  for   

sulfachloropyridazine  in terms of percentage for S and P 

orbital by   Becke3LeeYangPar level  with 6-311G (d, p) 

method. 

 

 the tabular column the NH2 scissoring occurring at 1613 

cm-1 (mode no. 10) correlates with the recorded spectrum of 

FT-IR and FT-Raman observed at 1626 and 1629 cm-1. The  

other vibrations which are computed by B3LYP/6-311G (d, p) 

method corresponding to NH2 fell within the expected range as 

shown in Table 4. 

 SO2 and S-N vibrations 
 

 In between the region of 1360-1310 cm-1 and 1165-1135  

cm-1 [34] the SO2 asymmetric and symmetric type of 

stretching vibrations is appeared. The computed band which 

occurred at 1288 cm-1 (mode no.21) and 1093 cm-1 (mode 

no.29) by using B3LYP level at 6-311G (d, p) basis set are  

assigned to SO2 symmetric and asymmetric type of 

stretching vibrations. The TED corresponding to the symmetric 

and asymmetric type of vibrations is ~ 55 % and 41 %. The SO2 

scissoring vibrations are appearing in the region of 560±40 cm-1 

(Roeges, 1994). The FT-IR and FT-Raman band spectra 

recorded at 507 cm-1 and 506 cm-1 are assigned to SO2 

scissoring mode.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Bond (A-B) 
ED/Energy 

(a.u) 
EDA% EDB% NBO S% P% 

σ(C1-C2) 1.97575 

-0.72288 
50.84 49.16 

0.7131sp(1.59)C + 

0.7011sp(1.82)C 

38.54 

35.45 

61.42 

64.51 

 π (C1-C2) 1.70407 

-0.27471 
59.94 40.06 

0.7742sp(1.00)C+ 

0.6330sp(1.00)C 

- 

- 

99.99 

99.99 

σ(C1-C6) 1.97584 

-0.72006 
51.03 48.93 

0.7146sp(1.57)C+ 

0.6995sp(1.85)C 

38.85 

35.10 

61.12 

64.86 

σ(C3-C4) 1.97235 

-0.70485 
49.17 50.83 

0.7012sp(1.83)C+ 

0.7123sp(1.81)C 

35.29 

35.69 

64.66 

64.27 

π(C3-C4) 1.60308 

-0.26285 
55.97 44.03 

0.7482sp(1.00)C+ 

0.6636sp(1.00)C 

- 

- 

99.96 

99.95 

 σ(C4-C5) 
1.97240 

-0.70372 
50.93 49.07 

0.7136sp(1.80)C+ 

0.6992sp(1.84)C 

35.75 

35.20 

64.21 

64.76 

 σ(C1-S14) 
1.97031 

-0.71265 
50.08 49.92 

0.7076sp(3.41)C+ 

0.7066sp(2.58)S 

22.64 

27.57 

77.28 

71.13 

σ(S14-O15) 
1.98716 

-0.99025 
35.93 64.07 

0.5994sp(2.56)S+ 

0.8004sp(3.20)O 

27.61 

23.78 

70.78 

76.09 

σ(S14-O16) 
1.98658 

-0.98060 
35.96 64.04 

0.5997sp(2.69)S+ 

0.8002sp(3.25)O 

26.68 

23.49 

71.70 

76.39 

σ(C19-C20) 
1.97768 

-0.74050 
50.24 49.76 

07088sp(1.59)C+ 

0.7054sp(2.01)C 

38.53 

33.22 

61.44 

66.73 

σ(C19-N25) 
1.98742 

-0.86840 
42.32 57.68 

0.6505sp(2.12)C+ 

0.7595sp(1.72)C 

32.06 

36.73 

67.86 

63.17 

π(C19-N25) 
1.72290 

-0.33515 
40.70 59.30 

0.6379sp(1.00)C+ 

0.7701sp(1.00)N 

- 

- 

99.86 

99.84 

LP1(N11) 
1.81084 

-0.30061 
- - sp(11.38) 8.08 91.89 

LP1(O15) 
1.98312 

-0.82128 
- - sp(0.31) 76.15 23.84 

LP2(O15) 
1.81603 

-0.29699 
- - sp(99.99) - 

99.82 

 

 

LP1(N17) 
1.80205 

-0.32145 
- - sp(14.33) 6.52 93.46 

LP1(Cl27) 
1.99340 

-0.92589 
- - sp(0.21) 82.47 17.52 
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Table4.  Vibrational wave numbers obtained from experimental, theoretical (scaled) frequencies and the percentage 

of total energy distribution (TED) of sulfachloropyridazine [harmonic frequency (cm−1), IR Int (Kmmol-1) 

 

Mode nos. 

 

Experimental (cm-1) 
Theoretical 

Wave number (cm-1) 

TED≥10% 

FT-IR FT-Raman 

B3LYP/ 

6-311 

G(d,p) 

scaled 

IR int Raman Int 

 

1 3496vs  3569 20.973 23.138 υasyNH2(100) 

2 3394vs 3393vw 3479 67.590 34.397 υNH(100) 

3 3316vs  3467 56.871 91.338 υsyNH2(100) 

4 3137w  3120 3.035 23.990 υCH(98) 

5   3105 0.777 71.000 υCH(96) 

6   3100 2.005 35.484  

7 3075s 3071vs 3076 4.303 42.220 υCH(95) 

8  3051vw 3065 12.739 47.410 υCH(93) 

9   3063 13.894 55.590 υCH(93) 

10 1626vs 1629ms 1613 229.995 102.484 βHNH(79) 

11 1596ms 1593vs 1585 104.481 139.703 υCC(38) + βHNH(12) 

12 1574w 1575vs 1565 58.607 98.674 υCC(55) 

13   1558 9.243 7.216 υCC(50) 

14 1505m 1505ms 1527 26.020 11.490 υCC(43) + υCN(15) 

15   1481 46.493 23.124 βHCC(58) + υCN(11) 

16 1439s 1442w 1420 17.262 2.280 υCC(45) +  βHCC(23) 

17   1401 505.384 48.058 υCN(52) +  βHCC(40) 

18 1392vw 1388vw 1398 66.866 42.322 
βHNC(45) +  βHCC(12) + 

υCC(11) 

19 1330ms 1332vw 1320 8.888 12.774 υCC(57) +  βHNC(12) 

20 1309ms 1308ms 1291 45.402 5.084 βHCC(41) + υNC(10) 

21   1288 69.741 12.669 υ SO2 (51) 

22   1287 62.281 12.317 υNC(39) +  βHCC(32) 

23   1267 50.570 62.937 
υNC(30) +  υNN(14)+ 

βHCC(15) 

24 1240vs 1240ms 1236 54.623 141.485 
βHNC(30) + υSO2(13) + 

υCC(10) 

25 1190vw 1189s 1169 21.571 10.754 βHCC(74) 

26  1161w 1159 4.697 152.887 
υNC(47) +   υNC(22)+ 

βHCC(14) 

27 1144vs 1145vs 1130 59.353 26.344 βHCC(46) + υCC(22) 

28   1117 10.390 2.691 βHCC(53) + υCC(22) 

29 1086vs 1086s 1093 298.244 373.348 
υSO2(41)+ υSC(12) + 

υCC(10) 

30   1077 62.971 27.427 

βHCC(27) + υCC(23) + 

υNN(19)+υCCl(11) +  

υNC(10) 

31   1044 92.708 45.721 υSO2(36) + υCC(17) 

32  1037vw 1038 6.511 9.366 βHNC(55) + υCC(11) 

33  1003vw 1006 0.056 26.492 
βCCN(40)+  υCC(19)+ 

βCNN(15)+  υNC(11) 

34   986 8.931 15.002 βCCC(86) 

35 966vw  951 0.049 0.809 γCCCH(58) + τHCCH(37) 

36   936 1.022 1.133 τHCCH(48)+ τCCCH(39) 
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37 906vs 906m 920 1.672 1.181 
τHCCH(55)+ τHCCC(16) 

+  τHCCN(10) 

38   856 81.294 47.843 
βCCN(20) + υNC(15)+  

υCC(13) + υNN(10) 

39 825vs  817 45.773 31.690 
τHCCN(32)+ βCNN(15)+ 

γCCCH(10) 

40  818vs 815 42.849 82.598 
βCCC(23)+ τHCCN(17)+ 

γCCCH(10) 

41   802 38.038 28.826 τHCCN(56) 

42   787 4.051 6.396 τHCCN(78) +  τHCCC(12) 

43   768 261.905 244.264 
υSN(33) + 

βNCN(10)+βCNS(10) 

44 748vw 748vw 730 30.130 27.426 τCNCC(65) 

45 710vw 710m 698 86.831 150.962 βCNN(21) 

46 679vs 678m 687 1.422 7.511 τCCCC(50)+ γNCCC(31) 

47   644 61.938 57.243 υSC(25) + βCCC(17) 

48 635vs 632m 627 0.886 72.617 βCCC(67) 

49 580vs 579w 618 6.883 43.144 βCNN(70) 

50 551vs 548m 554 180.375 68.805 γSCOO(43) 

51   532 16.831 20.123 
τCCCN(36)+  

τNNCN(14)+ βOSO(11) 

52 507w 506w 515 49.978 3.816 βOSO(34) +  τCCCN(22) 

53 495vw 472w 489 21.101 13.203 τNCCC(32) +  τHCCC(12) 

54  438w 442 57.135 22.628 υCCl(24) +  γOCNS(15) 

55   425 353.688 146.166 γNHCH(75) 

56   416 5.349 33.817 
βCCN(19) + υCCl(15) +  

γOCNS(10) 

57   413 6.240 30.948 τNCNN(31) + τHNCC(16) 

58   405 0.552 5.021 τCCCC(89) 

59  377w 380 21.642 59.065 τHNCC(53) 

60   359 4.876 22.013 
βCCN(26) +  γOCNS(19) +  

τHNCC(13) 

61  342w 349 26.875 20.906 τHNCC(76) 

62   338 3.296 15.609 βNCCl(25)+ βCNS(15) 

63  321w 332 2.842 49.451 
βNSO(16)+ τCCCN(14) + 

βOSO(12)+ βCCN(10) 

64  298s 298 2.226 56.6479 
τCCCCl(32) +  

τCCCN(11) + βNCCl(10) 

65  285w 271 0.283 109.508 υSC(37) +  τCCCCl(10) 

66   264 0.763 78.2213 βNSO(46) 

67  243w 248 3.947 100.831 βNCCl(19) + υSC(14) 

68  175w 174 1.585 50.6868 βCNSl(29) +  τCCCCl(23) 

69   160 0.677 29.8275 βCCS(59) +  γOCNS(25) 

 

70 
 

 

126vw 
126 1.278 32.51 

τCCCCl(20) + τCSNC(18) 

+  βCNS(11) +  

τCCCNl(11) 

71 

 
 

89s 

 

88 

 

1.235 

 

200.818 

 

τCCCS(30) + βCNS(15) +  

τNCNSC(14)+  βNCN(13) 

73   53 4.403 1176.06 τCCSC(54) + τNCNS(10) 

74   43 7.555 679.395 τNCNS(45) + τCCCN(29) 

75   20 1.784 2780.67 τCSNCl(58) + τCCCS(10) 

IR int-Infrared intensity; w-weak; vw- very weak; s-strong; 

vs-very strong; m-medium; br, sh- broad, shoulder;                

stretching; υsym - symmetric stretching ; υasy- asymmetric 

stretching ; β- in plane bending ; γ- out-of -plane bending ;  τ- 

torsion. 

The wave number which is computed for this type of mode 

occurred at 515 cm-1(mode no.52) from B3LYP/6-311G (d, p) 

method with the consideration of TED part of 34%. If the  
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molecule containing N atom like thio-carbonyl compound, the 

assignment of the C=S stretching will be very difficult. In SClP 

molecule the C-S type of  stretching mode occurs  at 644 cm-1 

(mode no.47) by using B3LYP/6-311G (d, p) method with the 

contribution of TED having 25%. S-N vibration is observed at 

768 cm-1 (mode no.43) and all other type of vibrations which 

are calculated from theoretically and experimentally were 

found to be in  concurrence.  
 

K. Ring vibrations 
 

The study of C-C ring like stretching vibration is more 

interesting in both aromatic and pyridazine structures, when 

double bonds are linked up with the ring. The actual position of 

C-C stretching vibration was not identified by the nature of the 

substitute but by the substituent placed among the ring system 

[35]. Normally carbon–carbon ring like stretching vibrations 

are observed at the region of 1625-1430 cm-1. The stretching 

vibrations of C-C bands of variable intensity can be given as 

1625–1590, 1590–1575, 1540-1470, 1465-1430 and 1380-1280 

cm-1.These wave number ranges are given by Varsanyi [24] for 

the five various types of C-C bands in that region. In SClP 

molecule the computed wave number  observed at 1585, 1565, 

1558, 1527, 1420, 1401, 1320, 1287, 1267, 1159 and 1006 cm-1 

(mode nos.11-14, 16, 17, 19, 22, 23, 26 and 33) are calculated 

using DFT/B3LYP/6-311G (d, p) method which are related to 

C-C  type  of stretching vibrations for both rings. The recorded 

data of wave numbers for FT-IR spectrum are observed at 1596, 

1574, 1505, 1439,1330  cm-1 and FT-Raman spectra observed 

at 1593, 1575, 1505, 1442, 1332, 1161 and 1003 cm-1 are 

attributed to C-C type of  stretching vibrations. These types of 

modes are available in mixed modes with the support of C-H 

in-plane bending, NH2 wagging, torsional type of vibrations in 

this region with TED contribution of ~50 %. When compared to 

out-of-plane bending vibrations, the in-plane deformation 

vibrations were observed at higher wave numbers.  
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Figure 6. Theoretical FT-IR (Top) and FT-Raman (Bottom) 

spectrum of sulfachloropyridazine with respect to Infrared 

Intensity and Wave number, Raman Intensity and Wave 

number 

[36] provide the wave numbers data of the vibrations for 

different five benzene derivatives from the consideration of 

normal coordinate analysis. We observed that in-plane and 

out-of-plane bending vibrations of the ring systems were in 

consistence with the recorded values as shown in Table 4. 

 
Figure 7. Molecular structure and atom numbering 

scheme adopted in sulfachloropyridazine. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Natural atomic charge distribution of 

sulfachloropyridazine molecule. 

 

III.  UV-Vis spectra and Electronic properties 

For the different electronic transitions of SClP molecule by 

TD-DFT [37], [38] and IEF-PCM model [39],[40] calculations 

were done with solvents methanol and water which are 

summarized in Table 5. The UV-vis spectra were recorded in 

above mentioned solvents for molecule as shown in Fig.3. To 

generate the group of contribution of molecular orbitals 

Gauss-Sum 2.2 Program [41] is used for highest occupied 

molecular orbitals (HOMOs) and lowest–lying unoccupied 

molecular orbitals (LUMOs)  

as shown in Fig.9. The HOMO and LUMO can be recognized 

as frontier molecular orbitals (FMOs). The chemical stability, 

chemical reactivity and hardness-softness of the molecule [42] 

are explained by the band energy gap, which is present between 

the HOMO and LUMO. The Fig.10 shows the HOMO-2, 

HOMO-1 and LUMO, LUMO +1 plot for SClP molecule. From 

the HOMO-LUMO result analysis the HOMO plot shows the 

availability of charge density which is majorly localized on 

amino and aromatic  
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ring group, whereas LUMO plot is localized on chlorine and 

pyridazine ring system as shown in Fig.10. Because of charge 

transfer interaction occurs strongly in molecule with the 

contribution of π conjugated bridge, electron density transfer 

takes place from electron donating side to electron withdrawing 

side.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Experimental UV-visible absorption spectra in 

methanol (Top) and water (Bottom) for 

sulfachloropyridazine with respect to Absorbance and 

Wave length. 

 

The excited HOMO and LUMO energies are given as -6.03 

eV and -1.71 eV and the energy gap between the orbitals can be 

given as -4.32 eV. This band energy gap shows that SClP has 

the bioactivity form, from intra molecular charge transfer [40], 

[41]. The recorded UV-vis spectrum shows two intense bands 

at 264 nm, 200 nm for water and methanol at 272 nm, 208 nm 

respectively, which denotes that transition is taking place  from 

HOMO→LUMO (n→π*). The absorption maxima values 

available are fairly in concurrence with theoretical computed 

data at 339.42 nm, 274.95 nm for methanol and water at 339.26 

nm, 274.80 nm. This is because of intermolecular hydrogen 

bonding interactions happening between the molecules in 

liquid phase. The n→π* transition is likely to occur moderately 

at lower wavelength as a result of extended aromaticity in the 

ring system [43]. The electronic transitions taking place from 

HOMO-1→LUMO (89%),HOMO-2→LUMO (10%), 

HOMO-2→LUMO (80%), HOMO→LUMO (11%) and 

HOMO-1→LUMO (89%) corresponds to the maximum 

absorption wavelength. 

 
 

Figure 9. Density of state spectrum of 

sulfachloropyridazine in terms of energy in eV. 

 

IV.  Molecular Electrostatic Potential (MEP) 

Analysis 

 

The MEP concept describes the relative polarity of the 

molecule [44], [45]. It explains about the electronic charge 

distribution of SClP system by using                             3- 

dimensional space diagram. MEP plays an important role in 

molecular interactions, when two molecules approach each 

other. Let us consider molecular electrostatic potential is 

present at a point ‘r’ in the space around the molecule (a.u) as 

 

 
Figure 10. The atomic orbital compositions of the 

frontier molecular orbital for sulfachloropyridazine in 

terms of Highest Occupied Molecular Orbitals (HOMO) 

and Lowest Unoccupied Molecular Orbitals (LUMO 
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Figure 11.  Molecular electrostatic potential diagram  of 

sulfachloropyridazine. 
'
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where   ZA denotes the charge of nucleus A which is situated at 

RA,  

 ρ(r) represents the electron density.  
 

 

In the above equation, the first part denotes the effect of nuclei 

and second part of the equation represents the electron, then 

V(r) provides the resultant at each point r to specify the total 

electrostatic effect created at the point r by the net charge 

distribution (electron + nuclei) in the SClP molecule. The MEP 

surface of molecule is predicted by the consideration of 

B3LYP/6-311G (d, p) method as shown in Fig.11. The 

electrostatic potential for negative charge is normally plotted 

by red colour and positive charge is indicated in blue colour and 

green colour indicates the surface area where the potentials are 

nearer to zero. The increase in electron charge potential can be 

given in the order of: red < orange < yellow < green < blue. In 

SClP molecule, oxygen atoms have lone pair of electrons which 

represents a local negative electrostatic potential linked with 

sulphur and nitrogen atoms. The entire positive potential is 

represented in blue colour for all C-H bonds in both ring and 

amino group. Green colour covers a few parts of the SClP 

molecule where electrostatic potential are closer to zero for the 

C-C and C-H bond. The region representing zero potential, 

covering the π system of the aromatic and pyridizine ring leaves 

more electrophilic plane region of hydrogen atom or in other 

words it denotes the halfway potential between two extreme 

colours of dark blue and red . This particular site gives the 

information about the intermolecular interaction of the  

molecule. 
 

V. NMR spectral analysis 
 

The reactive ionic species can be identified by using 

chemical shifts of the NMR spectrum which are isotropic in 

nature. It is familiar to us that the prediction of molecular 

optimization is essential for calculating the magnetic properties 

accurately. So the molecular structure of SClP molecule was 

optimized with the consideration of DFT/B3LYP/6-311G (d, p) 

and GIAO [46], [47] method. This is considered as one of the 

most important techniques used for the calculation of nuclear 

magnetic shielding tensor. The theoretical NMR chemical shift 

of SClP molecule considered in gas and DMSO phase were 

calculated using the B3LYP level and 6-311G (d, p) basis set 

are shown in Table 6. The other equilibrium chemical shifts 

were also expected by via the subsequent TMS shielding which 

is deliberate in progress at the identical theoretical level of 

calculation. The interpretation of 13C NMR chemical shift for 

the ring system is normally observed at > 100 ppm [46],[47]. In 

our study, the 13C NMR chemical shift for the ring carbon atom 

in benzene ring was observed at 129.1, 130.7, 112.5, 153.3, 

112.5 and 130.7 ppm related to C1, C2, C3, C4, C5 and C6 

atoms and 13C chemical shift for pyridazine occurs at 163.0, 

124.2 and 132.51 ppm for C19, C20 and C21 atoms. The 

chemical shift for C23 atom is found experimentally at 146.6 

ppm, but the predicted chemical shift value is observed near 

162.86 ppm. The deviation in chemical shift value between the 

experimental and calculated is may be due to the presence of  

chlorine atoms, which polarizes the electron attached to the 

carbon bond. So the calculated chemical shift is higher for C23 

atom than all other carbon atoms in the molecule.  

 

 

 

 

 

 

 

 

Figure 4.  Nuclear magnetic resonance spectrum of    
1Hydrogen atoms in terms of Parts per million in 

sulfachloropyridazine molecule. 

 

 

 

 

 

 

Figure 5. Nuclear magnetic resonance spectrum of  13 

Carbon atoms in terms of Parts per million in 

sulfachloropyridazine molecule. 
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Table 5.  Experimental and calculated, maximum absorption wavelength, excited states and oscillator strength of sulfachloropyridazine using Becke3LeeYangPar 

level with 6-311G (d, p) method.  Where  H-HOMO; L-LUMO; nm- Nanometer; f- Magnitude of oscillator strength

 

 

 

Excitatio

n 

 

CI 

 expansion 

Coefficient 

Wavelengt

h                λ 

(nm) 

Methanol 

Phase 

 

Oscillator 

Strength (f) 

 

Excitation 

 

CI  

expansion 

Coefficient 

 

Wavelengt

h 

 λ (nm) 

Water 

 

 

Oscillator 

Strength (f) 

 

 

Expt. 

 

In Solvent 

aMajor  

Contribution  

(≥ 10%) 

Excited 

State 1 
   

Excited 

State 1 
   Methanol Water 

H-1→L (89%),  

H-2→L(10%) 

71→74 

(n→π*) 
0.22320 339.42 0.0050 71→74 0.21696 339.26 0.0050 272 264 

73→74 0.66712   73→74 0.66923     

Excited 

State 1 
   

Excited 

State 1 
   Methanol Water 

H-2→L (80%), 

 H→L (11%) 

 
71→74 

(n→π*) 
0.22320 339.42 0.0050 71→74 0.21696 339.26 0.0050 272 

 

 73→74 0.66712   73→74 0.66923     

Excited 

State 2 
   

Excited 

State 2 
     

 

70→74 0.16441 315.51 0.0035 70→74 0.16728 314.97 0.0035 - -  

71→74 0.64352   71→74 0.64537      

73→74 -0.23031   73→74 -0.22412      

Excited 

State 3 
   

Excited 

State 3 
     

 

72→74 

(n→π*) 
0.66622 274.95 0.0178 72→74 0.66210 274.80 0.0169 208 200 

 

73→75 -0.15194   73→75 -0.16935      
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Table  6. 13 Carbon and  1Hydrogen Nuclear magnetic 

resonance Parameter of sulfachloropyridazine in gas and 

solvent phase  by Becke3LeeYangPar level with 6-311G 

(d, p) method. 

 

 

The 1H chemical shifts for all the hydrogen atoms present in 

the molecule are usually around 7 ppm in the aromatic ring . 

In SClP molecule the aromatic ring of hydrogen is observed 

at 7.71, 6.76, 6.82 and 8.25 ppm show good correlation with 

recorded 1H spectrum at 7.61, 6.61, 6.61and 7.61 ppm 

corresponding to H7, H8, H9, H10 and for pyridazine ring 

H22,H24 1H  NMR was recorded at 7.72 and 7.46 ppm.  

V. CONCLUSIONS 

In this work we conclude that the DFT computations 

which were done to the SClP molecule for optimized 

geometrical parameters and harmonic vibrational frequencies 

are good in agreement with XRD values. The bond length of 

the C-C six membered ring seems to coincide more with 

XRD data, when compared with heterocyclic ring systems. A 

complete vibrational analysis has been made by finding TED 

based on DFT calculation. The influence of amino, sulfonyl, 

chloro and N-H group in the molecule are discussed 

elaborately. The recorded spectra of 1H and 13C NMR spectra 

were compared with the computed values and noted that all 

the aromatic carbon and hydrogen chemical shifts are within 

the reliable range. The calculated HOMO and LUMO 

energies support the fact that transferring of electron charge 

occurs within the molecule. From the analysis of MEP it is 

obvious that negative charge envelops the SO2 and partially 

covers N-N bond in the ring system and positive region 

covers all the hydrogen and carbon ring atoms. The DFT 

computation also provides information about the electronic 

effect and intermolecular charge transfer in the molecule 

which are responsible for biological activity.  
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