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HI G H L I G H T S 

 By adopting Ultrasonic energy, a chalcone compound (1) and its pyrazoline derivative 

(2) have been synthesized with low time of reaction. 

 They were confirmed by their UV, IR and NMR spectral data. 

 The DFT calculations were carried out and the results are compared with 

experimental and literature values. 

 The antimicrobial activities were carried out and showed better activities. 

 The anti-inflammatory activities also performed. 

 

Abstract  

 By utilizing ultrasonic assisted synthetic method, (E)-3-(4-nitrophenyl)-1-(m-

tolyl)prop-2-en-1-one (1) was synthesised using respective ketones and aldehydes. From the 

compound (1), a pyrazoline derivative (2) was prepared by cyclization reaction using the 

same ultrasonic method. These compounds 1 and 2 were characterised by spectral data. 

Further the DFT analysis were calculated by 6-31G (d ,p)/B3LYP method. From these 

calculations, the optimized geometries, parameters, vibrational analysis, molecular orbital 

studies, MEP analysis, dipole moments and Mulliken atomic charges were calculated and 

compared with literature data. In addition to these studies, the antimicrobial activities of 

compounds 1 and 2 were screed against different bacterial species and fungal species. Also, 

the anti-inflammatory activities were performed for such present compounds. 
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GRAPHICAL ABSTRACT: 
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1. Introduction  

The chalcone and pyrazoline moieties present are important classes of compounds 

widely used as building blocks for biologically active compounds and they are considered 

promising candidates for antifungal drugs. Chalcones have been extensively studied for their 

broad spectrum of activities as anti-inflammatory [1], antifungal [2,3], antibacterial [4], 

antioxidant [5], antimalarial [6,7] and antitumor [8,9] agents. Chalcones possesses acceptor 

and donor groups, which enhance their importance in various fields. Chalcone derivatives are 

promising compounds to be developed as their chromophore absorbs in the UV region from 

Sunscreen Agent. The non-linear optical (NLO) properties of conjugated organic compounds 

have been the major focus of various computational and experimental studies because of their 

promising applications in photonics and optoelectronics, integrated optics, photophysical, 

high-speed optical communications, optical data processing, and storage [10,11]. The 

chalcone compounds have high significance because of their excellent NLO properties [12]. 

Chalcones are intramolecular charge transfer molecules, which allow one to design them 

based on the above design criteria. The pyrazole ring is present at the heart in some of the 

important drugs like celebrex, ionazlac, rimonabant, difenamizole, etc. The wide range of 

biological activities associated with pyrazole and its derivatives made them popular synthetic 

targets. Further to the well-known biological activities, pyrazole derivatives substituted with 
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electron donor and acceptor groups exhibit considerable nonlinear optical properties [13-15]. 

In the literature, Zhao et al. reported density functional calculations and NBO for 1N-phenyl-

3(3,4-dichlorophenyl)-5-phenyl-2-pyrazoline [16]. Experimental and density functional 

theory calculations have been carried out by Saminathan et al. for pyrazoline fused 

thiocyanoethanones [17]. In this work, the structural properties and vibrational frequencies 

have been investigated. The geometries and normal modes of vibrations obtained from DFT 

calculations are in good agreement with the experimental data. The first hyperpolarizabilities, 

NBO and HOMO, LUMO analyses of the said molecule have been computed using quantum 

mechanical calculations. In this paper we describe the synthesis and characterization of 

chalcone and pyrazoline derivative, containing the meta-methyl and para-nitro in their 

structures. These compounds have been utilized to study their DFT calculations including 

molecular structure, charges, HOMO-LUMO energies, MEP surface dipole moment, 

polarizability, and first hyperpolarizability. In addition, the antimicrobial and anti-

inflammatory activities are performed. 

2. Experimental 

2.1. Materials and methods 

All chemicals were purchased commercially and used without prior purification. 

Melting points were determined in open capillary tube and were uncorrected. Elemental 

analyzes were carried out on Variomicro V2.2.0 CHN analyzer. FT-IR spectrum of title 

compounds were recorded on a Shimadzu FTIR spectrophotometer in the range 400–4000 

cm
-1

 using the KBr pellets. The proton and carbon NMR spectra were recorded on a 

BRUKER AVANCE III 500MHz NMR spectrometer using CDC13 as solvent. Chemical 

shifts were reported in ppm. Tetramethylsilane (TMS) was used as internal reference for all 

NMR spectra, with chemical shifts reported in units (parts per million) relative to the 

standard. 
1
H NMR signal patterns are indicated as singlet (s), doublet (d), doublet of doublet 

(dd), triplet (t), quartet (q) and multiplet (m). The FT-IR and NMR spectra were recorded at 

Department of Chemistry, Annamalai University, Tamil Nadu. 

2.2 Synthesis of compounds 

2.2.1 Synthesis of (E)-3-(4-nitrophenyl)-1-(m-tolyl)prop-2-en-1-one (1) 

Equimolar amount of1-(m-tolyl)ethanone (2.5 mmol) and 4-nitrobenzaldehyde (2.5 

mmol) with absolute ethanol (5 mL), and 40 % sodium hydroxide (20 mmol diluted up to 2 

mL) were taken in a 100ml conical flask. The mixture was then exposed to ultrasound 

irradiation at room temperature [18] for 2 min as shown in Scheme-1. The reaction was 

monitored by thin-layer chromatography (eluent 20:80: ethyl acetate: hexane). The reaction 

mixture was quenched by pouring on ice. After this, the resulting mixture was acidified by 

using dilute HCl and the resulting precipitate was then filtered and dried to give the desired 

product. The obtained product was recrystallized from hot ethanol. The synthesized pure 

products were characterized by UV, FT-IR, 
1
HNMR, 

13
C NMR and Mass analytical methods. 
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Scheme-1 : Synthesis of chalcone (1) 

2.2.2 Synthesis of 5-(4-nitrophenyl)-4,5-dihydro
-1

-phenyl-3-m-tolyl
-
1H-pyrazole (2) 

A mixture of (E)-3-(4-nitrophenyl)-1-(m-tolyl)prop-2-en-1-one (2.5mmol) with 

phenylhydrazine (2.5mmol) in ethanol and glacial acetic acid were taken in a 100ml conical 

flask. The reaction flask was kept at center of the ultrasonic bath to get maximum ultrasound 

energy and sonicated [18] at room temperature for 20-25min as shown in Scheme-2. The 

completion of the reaction was monitored continuously by TLC. After completion of the 

reaction, the mixture was poured into crushed ice and kept overnight. The precipitated 

formed was separated by filtration and died well then recrystallized using hot ethanol to yield 

pale range colored crystals. 

Scheme-2 : Synthesis of pyrazoline (2) 

2.3. Computational study.  

Geometry optimizations were carried out according to density functional theory using 

B3LYP/6-31G(d,p) basis set in the Gaussian-09 package. The polarizabilities and 

hyperpolarizabilities have been derived from the DFT optimized structure by using finite 

discipline technique using the B3LYP/6-31 G basis set, while the NBO calculations were 

carried out using the premise set B3LYP/6-31 G (d,p) available in Gaussian-09. 

 

3. Results and Discussion  

3.1 Spectral analysis 

The physical and spectral measurements of the synthesised compounds are given 

below. 

3.1.1 Spectral analysis of (E)-3-(4-nitrophenyl)-1-(m-tolyl)prop-2-en-1-one (1) 

 Yield 82%; mp 106-107 ˚C; m/z 296; UV (CH3OH, λmax
nm

) 299.00, IR (KBr, νcm
-1

) 

1656.85 (CO), 1213.23 (CHip ), 910.40 (CHop), 1026.13 (CH=CHop), 497.63 (C=Cop). 
1
H 

NMR (500 MHz, CDCl3, δ/ppm) d 7.723(1H, d, J = 15 Hz), 7.739 (1H, d, J = 15 Hz), 6.920–
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7.842 (9H,overlapping m, ArH); 
13

C-NMR (125 MHz, CDCl3, δ/ppm) 125.645 (Cα), 142.847 

(Cβ), 189.682(CO), 123.212-141.054 (Ar. Carbons). Anal. Calcd. for C16H13NO3.  

3.1.2 Spectral analysis of 5-(4-nitrophenyl)-4,5-dihydro
-1

-phenyl-3-m-tolyl
-
1H-pyrazole 

(2) 

UV λmax(nm): 315.80; IR νcm
-1

: 3442.94 (N-H str.), 1620.21 (C=N),  2918.30 (ali.                

-CH str.), 823.60 (N-N); 
1
H NMRδ(ppm): 3.154(Ha, 1H-dd)ppm,       3.843(Hb, 1H-dd)ppm,  

5.269(Hc, 1H-d)ppm, 6.802-7.826(m, Aromatic protons)ppm, 
13

C NMR 

δ(ppm):146.916(C=N)ppm,43.722(Cα)ppm,64.241(Cβ)ppm,29.70340(C-CH3)ppm, m.p. 131-

132°C; Molecular Formula: C22H19N3O2. 

3.2 Geometrical optimization 

The entire molecular geometries of 1 and 2 were optimized by DFT method. The 

optimization results of compounds 1 and 2 are presented in Fig. 1 and Table 1. To the best of 

our knowledge, exact experimental data on the geometrical parameters of compounds 1 and 2 

are not available in the literature.  

 

  
Chalcone (1) Pyrazoline (2) 

Figure 1: Optimized structures of compounds 1 and 2. 
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Table 1: Selected bond lengths, bond angles and dihedral angles of compounds 1 and 2 

Bond lengths Bond angles Dihedral angles 

Chalcone Pyrazoline Chalcone Pyrazoline Chalcone Pyrazoline 

Position 
Length 

(A°) 
Position 

Length 

(A°) 
Position Angles (°) Position 

Angles 

(°) 
Position 

Dihedral 

angles (°) 
Position 

Dihedral 

angles (°) 

C2-H7 1.084 C3-C2 1.406 C2-C3-C11 123.39 H10-C5-C6 119.59 C3-C11-C12-C13 177.33 C3-C11-N42-C26 72.37 

C4-H8 1.084 C11-C3 1.524 C3-C11-C12 120.02 C11-C3-C2 120.96 C4-C3-C11-C12 171.54 C13-N41-N42-C11 3.36 

C12-H25 1.083 C12-C11 1.565 H7-C2-C1 117.98 C12-C13-C16 124.86 C11-C12-C13-C14 179.19 C13-C16-C17-C19 180.24 

C13-H26 1.089 N42-C11 1.485 C11-C12-C13 120.3 H14-C12-C11 111.5 C12-C13-C14-C19 178.87 H14-C12-C13-C16 55.29 

C15-H20 1.084 C12-C13 1.524 C12-C13-C14 127.47 H15-C12-C13 111.01 C13-C14-C19-C18 179.95 C16-C13-N41-N42 179.17 

C19-H23 1.085 C16-C3 1.460 C12-C11-O24 119.97 C18-C16-C13 120.64 C14-C19-C18-C17 0.03 H20-C17-C19-C23 179.93 

C27-H28 1.094 N41-C13 1.306 C13-C14-C19 118.44 H20-C17-C16 120.34 H20-C15-C16-C17 180.16 C28-C26-N42-C11 4.11 

C27-H29 1.097 C12-H14 1.094 C14-C19-C18 121.32 H24-C19-C17 119.68 H21-C16-C17-N31 0.05 N41-C11-C26-N42 6.19 

C27-H30 1.097 C12-H15 1.097 C15-C16-C17 118.93 H25-C23-C19 119.89 O24-C3-C12-C11 0.59 O44-N45-C6-C1 180.37 

O24-C11 1.257 C16-C17 1.408 C16-C17-C18 121.81 C27-C26-N42 120.3 H25-C12-C13-C14 0.27 H46-C11-C3-C2 154.91 

C13-C12 1.351 N42-C26 1.402 C17-C18-C19 118.62 H30-C27-C26 119.01 H26-C13-C14-C15 178.63 C17-C16-C13-N41 178.42 

C11-C12 1.483 N41-N42 1.388 C18-C17-N31 119.16 H32-C28-C26 120.61 O32-N31-C17-C16 180.07 C18-C16-C13-C12 179.69 

N31-C17 1.463 C11-H46 1.096 H25-C12-C13 121.14 H34-C29-C27 119.03 O33-C17-O32-N31 0.01 C27-C26-N42-C11 175.706 

O32-N31 1.265 C1-C6 1.398 H26-C13-C14 116.21 H35-C31-C28 119.03 

  

C28-C26-N41-N42 176.876 

O33-N31 1.266 C6-C5 1.397 H28-C27-H30 107.7 H36-C33-C29 120.52 

  

N42-C11-C3-C4 -149.85 

C13-C14 1.463 C2-C1 1.394 

  

C37-C21-C18 120.93 

  

C12-C11-C3-C2 -81.703 

C11-C12 1.483 C31-C28 1.398 

  

N41-N42-C26 120.84 

    C3-C11 1.492 C27-C29 1.394 

  

N45-C6-C1 119.12 

    C18-C19 1.392 C4-C3 1.406 

  

H46-C11-N42 109.55 

    C15-C16 1.390 

          C17-C18 1.397 

          C16-C17 1.400 

          C1-C6 1.406 

          C3-C4 1.407 

          C4-C5 1.394 
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In unsubstitted benzene, the bond lengths are nearly similar between.  If a substituent 

may be either electron withdrawing or electron donating type which alters the bond length 

[19].  In the present study, the bond lengths in aromatic carbons are calculated in the range of 

1.39-149 Å for B3LYP level. The aliphatic C12=C13 bond length is calculated at 1.35 Å, The 

aromatic C-H bond lengths are calculated in the range of 1.08-1.09 Å for chalcone. The 

carbonyl group bond length is calculated at 1.25 Å. The vinyl C-H lengths like C12-H25 and 

C13-H26 are calculated at ~1.08 Å. In case of pyrazoline, the aromatic C=C and C-H bond 

lengths are calculated in the range of 1.39 – 1.45 Å and 1.08 – 1.09 Å respectively. There are 

two C-N bonds are observed in pyrazoline, one is single bonded another one is double 

bonded. In the present calculations C13-N41 bond length was calculated at 1.306 Å and C11-

N42 was calculated at 1.484 Å. It clearly denotes that the low bond length in C13=N41 was 

exhibited by double bond character and the higher bond length between C11-N42 implies the 

single bond character. The N41-N42 bond length was calculated at ~1.38 Å.  The dihedral 

angle was calculated for C11-C12-C13-C14 at 179° and it clearly implies that chalcone 

molecule has been exhibited in E-configuration. All bond lengths and angles are within the 

normal ranges and compared with previously reported structures of chalcones [20–22]. 

The rings of m-methyl substituted phenyl-pyrazole that lies in the same plane which 

are evidenced from dihedral angles calculated for C17-C16-C13-N41and C18-C16-C13-C12 

at ~179°. But the dihedral angles for N42-C11-C3-C4 (-149.852°) and C12-C11-C3-C2                          

(-81.7031°) are calculated at lower values and it clearly implies that the p-nitro substituted 

phenyl-pyrazole rings are not in the same plane. All the geometric papameters were agreed 

with previously reported pyrazolines
 
[23-25]. 

3.3. Vibrational analysis 

The compound 1 has C1 symmetry. In this compound 1, 33 atoms are present and have 93 

fundamental vibrational modes which are by B3LYP/6-31G (d, p) level. Some of the selected 

vibrational frequencies which are occurred experimentally and theoretically are presented in 

Table 2. For chalcones, the stretching vibration for carbonyl group is generally appeared at 

1750–1600 cm
-1

 [20]. The present compound 1 possesses the vibrational frequency at 1656 

cm
-1

 in experimental IR and theoretically calculated at 1675 cm
-1

. These frequencies are 

agreed with previously reported data [21, 22]. The C-H stretching vibrations of aryl groups 

usually occur above 3000 cm
-1

 [26]. These vibrations were included in the range 3208-3119 

cm-1 and a mixed vibration band was experimentally found at 3091 cm
-1

. In-plane and out-

of-plane C-H bending vibrations for aromatic rings and vinyl groups were observed at 1213, 

910, 812, 692 cm
-1

 (Table 4) and calculated at 1210, 915, 818, 706 cm
-1

. In the previously 

reported chalcone derivatives, the C=C stretching frequency of the enone fragment was found 

to be 1592 cm-1 and calculated as 1588 cm
-1

 [21]. The vibration in the name molecule was 

calculated as 1593 cm-1 and experimentally found as 1580 cm
-1

. The aromatic C=C stretch 

vibration of the title compound occurs at 1531 cm
-1

 theoretically given at 1533 cm
-1

. The out-

of-plane bending vibration at 1026 cm
-1

 indicates the trans geometry of the alkene. Peaks 
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resulting from asymmetric and symmetrical methyl stretch modes are generally observed 

between 2965 and 2880 cm
-1

 [28]. Methyl stretching vibrations calculated in the range of 

3013-2891 cm
-1

. In the FT-IR experiment, the symmetrical stretching vibrational mode of the 

methyl group was observed at 2920 cm
-1

. Asymmetric and symmetrical deformations of the 

methyl group occur in the region of 1465-1440 cm
-1

 and in the region of 1390-1370 cm
-1

, 

respectively [28, 29]. In the present case, methyl group deformation mode has been 

calculated at 1424 cm
-1

and observed at 1406 cm
-1

. The NO2 stretching vibrations which are 

another characteristic vibration mode were observed at 1519 cm
-1

 for asymmetric stretch and 

1312 cm
-1

 for symmetric stretch [25]. It is well known that asymmetric vibrations appear at 

higher frequencies than symmetric ones for nitro group vibrations. These vibrations were 

assigned at 1490 and 1213 cm
-1

 for experimental and 1474 and 1219 cm
-1

 for B3LYP level, 

respectively. The experimental and DFT IR spectra of compounds 1 and 2 are displayed in 

Fig. 2 and 3 respectively. 

 

 
Figure-2 : Exp. and DFT calculated IR spectra of compound 1 
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Figure-3 : Exp. and DFT calculated IR spectra of compound 2 

In pyrazoline, the N–H stretching vibration of compounds can be traced around 3450–

3150 cm
-1

 in FT-IR Spectra [24]. In present compound, N–H stretching vibration was 

observed at 3442 cm
-1

. It has been calculated around 3362 cm
-1

 for title compounds. 

The N–H bending vibration was observed at 1408 cm
-1

, while the calculated peak 

observed at 1407 cm
-1

. These bending N–H vibrations are mixed normal modes in which the 

corresponding C=C stretches are constantly involved. The peaks observed in the range 3003-

3067 cm
-1

 were assigned as aromatic C–H stretching vibrations, while the calculated peak 

was observed ca. 3052-3114 cm
-1

. Udaya Sri et al.[30]
 
had observed the –CH2– band at 2922 

cm
-1

in diethyl 1H-pyrazole-3,5-dicarboxylate. In this case, the –CH2– fragment in the 

pyrazole moiety gives rise to band at 2918 cm
-1

, whereas calculated band observed ca. 2846 

cm
-1

.  
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Table-2 : Selected Experimental and DFT calculated IR frequencies of compounds 1 and 2 

 

Chalcone (1)  Pyrazoline (2)  

Experim

ental 

frequenc

ies (cm
−1

) 

Calculated 

(scaled) 

frequencies 

(cm
−1

) 

Calculated 

IR intensity 
Assignment 

Experime

ntal 

frequenci

es (cm
−1

) 

Calculated 

(scaled) 

frequencies 

(cm
−1

) 

Calculated 

IR intensity 
Assignment 

3387 3222.28 11.49 CH str 3442 3362.47 1.97 N-H str 

  3208.35 4.72 CH str   3114.43 10.66 C=C str 

  3193 17.74 CH str   3098.17 21.73 CH3 asym 

  3173.5 6.36 CH str 3064 3067.9 19.77 C=C str 

3091 3163.75 0.04 β-CH str 3003 3052.59 17.7 C=C str 

2978 3119.64 11.73 CH3 asym 2918 2846.41 37.36 ali. C-H-str 

2920 3090.95 14.63 CH3 asym 1620 1663.25 158.83 C=N str 

2123 3047.46 19.68 CH3 sym   1552.45 51.19 CH3 asym 

1656 1675.47 112.43 CO str   1450.9 43.45 NO2 asym 

  1592.89 21.01 aro. C=C str 1408 1407.26 9.19 N-H ben 

1593 1580.48 71.94 ali.C=C str   1289.03 379.65 NO2 sym 

  1562.3 14.73 CH3 sym   1246.38 9.01 CH2-def-op 

  1558.47 7.8 CH3 def 1130 1147.83 71.35 ar. C-H def-ip 

1531 1533.66 12.53 aro. C=C str 1083 1091.28 102.08 ar. C-H def-ip 

  1527.28 1.64 ar. C-H def-ip 1016 1029.43 16.63 C-H-def-op 

1490 1474.27 3.48 NO2 asym 823 822.29 44.53 C-H str, N-N str 

  1456.83 70.65 CH def 678 695.21 24.45 
C-H-def-op, NO2 asym-

op,  

  1454.86 6.68 CH3 asym 590 596.99 1.8 
ar. C-H bend, CH2- def-

ip 
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1406 1424.54 57.97 CH3 asym 
    

  1373.01 83.15 CH def-ip 
    

  1357.18 51.12 CH def 
    

1342 1355.06 77.46 CH def 
    

  1307.27 44.81 C=C str 
    

1290 1268.57 96.53 CH def 
    

  1246.91 56.06 CH def, C-N str 
    

1213 1210.79 240.91 CH def-ip 
    

  1101.62 9.08 CH3 asmy 
    

1026 1056.65 85.71 ali.C=C def 
    

  1049.42 15.39 CH def-ip 
    

  1046.31 24.92 CH def-ip 
    

  1044.16 10.05 CH def-ip 
    

  1036.96 5.75 CH def-ip 
    

963 1035.1 31.05 CH def-ip 
    

  1029.4 29 C=C def 
    

  982.16 0.49 CH def-op 
    

  956.17 4.66 CH def-op 
    

  934.85 0.19 CH def-ip 
    

910 915.02 2.88 CH def-op 
    

812 818.82 15.12 CH def-ip 
    

692 706.04 18.73 CH def-ip 
    

592 645.35 10.3 CH def-ip 
    

528 527.13 1.53 CH def-op 
    

497 494.44 2.93 C=C def 
    

str : stretching; asym : asymmetric stretching; sym :symmetric stretching; def-ip : in-plane bending; def-op : out of plane bending; Scale factor: 

0.9608-B3LYP/6-31G(d,p).[31] 
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3.4 Molecular orbital analysis 

The molecular orbitals (MOs) are noticeable quantum chemical factors for the 

determination of interaction of a molecule with neighbour species and also for 

characterization of global softness, chemical reactivity, molecule's kinetic stability and 

hardness [32, 33]. Hence, we performed HOMO-LUMO analysis in order to understand the 

molecular orbital behaviour of our title compounds. For this reason, HOMO-LUMO analysis 

of the title compounds calculated using B3LYP/6-31G (d,p) methodology and results are 

tabulated in Table 3. Pictorial representations of these molecular orbitals are furnished in  

Fig. 4.   High HOMO energy levels represent compounds that are good nucleophiles, and low 

LUMO levels represent compounds that are good electrophiles [34]. The   molecular frontier 

orbital energies are shown in Figure 7. From Figure 6, the values of E-HOMO and E-LUMO 

are given in Table-. The HOMO-LUMO energy variations (ΔE) for Chalcone and Pyrazoline 

compounds have been found as 3.644 eV and 2.258 eV respectively and it indicates that there 

is possible for intramolecular charge-transfer interaction in these molecules. A wide band gap 

describes the hardness of the molecule, which is related to the non-reactivity of the molecule. 

The energy difference between HOMO and LUMO correlates with hardness. The greater the 

energy difference, the higher the hardness of the target molecule. Using the calculated 

HOMO and LUMO energies, we can obtain electrochemical parameters shown in Table-

3 such as the global electrophilic index is ω = μ2/2η, the global hardness η = (I-

A)/2, the chemical potential μ = -(I+A)/2 and the electronegativity (χ) is χ = (I+A 

)/2 and the global softness ν = 1/ η was called the global reactivity parameter [35–39]. 

LUMO =  -3.282 eV  LUMO = -2.916 eV 

 

 

 

    

 

 

 

HOMO =  -6.926 eV  HOMO = -5.175 eV 

 

Figure-4 : HOMO-LUMO energies of compounds 1 and 2 

Table-3 : Molecular orbital energies 

ΔE = 3.644 eV 
ΔE = 2.258 eV 
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Parameters 
Calculated values 

Chalcone Pyrazoline 

EHomo(a. u) -6.926 -5.175 

ELumo(a.u) -3.282 -2.916 

Energy gap(a.u) 3.644 2.258 

Ionization energy(I) 6.926 5.174 

Electron affinity(A) 3.282 2.916 

Global hardness(η) 1.822 1.129 

Chemical potential(µ) -5.104 -4.046 

Electrophilicity index( ) 7.148 7.247 

Chemical softness(s) 0.549 0.885 

 

3.5 Dipole moments 

 

Dipole moment is an important parameter in structural chemistry, and it can be used 

as a descriptor to illustrate the charge transfer through the molecule. The direction of the 

dipole moment vector in a molecule depends on the centers of positive and negative charges. 

The dipole moment for chalcone and pyrazoline are calculated as 5.6792 D and 4.7789 D 

respectively for B3LYP level. The polarizability (α0) and first-order hyperpolarizability (βtot) 

are related directly to the non-linear optical efficiency of structures. The calculated values of 

α0, βtot by the finite field approach are given in Table 4. The electron-withdrawing substituent 

like NO2 group in chalcone and pyrazoline are increased the βtot values. 

The transfer of π-electron from electron donating methyl group to the electron 

withdrawing nitro group makes the molecule as highly polarizable. Accordingly, 

intramolecular charge transfer interactions may be responsible for the NLO properties. NLO 

properties get enhanced by the substitution of molecule with carbonyl and nitro group which 

are involved in hydrogen bond interactions [40]. It is believed that this type of hydrogen 

bonding is the main source of non-linear crystal like urea (μ and β of urea are 1.3732 Debye 

and 0.3728×10
-30

esu) [41]. The mean polarizability value was calculated for chalcone and its 

pyrazoline as 43.63 x10
-24

 and 56.63 x10
-24

 esu, respectively. These values are much higher 

than that of para-nitro-aniline (pNA) molecule which is a typical NLO material [42, 43]. The 

hyperpolarizability value was calculated as 33.79 x 10
-30

 esu and 29.21 x 10
-30

 esu for 

chalcone and pyrazoline in B3LYP level. 
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Table-4 : Dipole moments and hyperpolarizabilities by DFT method 

Parameters Symbol Chalcone Pyrazoline 

Dipole moment µtotal 5.6792 D 4.7789 D 

Hyperpolarizability β0 33.79 x10
-30

esu 29.21 x10
-30

esu 

Polarizabilty α0 43.63 x 10
-24

esu 56.63 x10
-24

esu 

 

3.6. Molecular surfaces 

Molecular electrostatic potential (MEP) for a molecule gives information about the 

presence of intra- and intermolecular interactions, predicts the reactive sites and relative 

reactivities towards electrophilic attack. It also provides a visual method to understand the 

relative polarity of the molecule. MEPs were calculated at the B3LYP/6-31G (d,p) level to 

predict reactive sites for electrophilic and nucleophilic attacks of compounds 1 and 2. The 

negative regions (red and yellow) of the MEP are associated with electrophilic reactivity, 

while the positive (blue) region is associated with nucleophilic reactivity. For clarity, the 

color of the MEP surface is as follows: red, electron-rich, partially negatively charged; blue 

indicates electron deficient, partially positively charged; blue light is somewhat electronless; 

Yellow is somewhat electron rich area; green to medium respectively. As can be seen from 

Figure 5, the negative sites are mainly oxygen atoms of nitro and carbonyl groups, indicating 

that electrophilic attack sites may exist. The largest positive site is on the hydrogen of the H-

C=C-H group, indicating a potential site for nucleophilic attack. These sites provide 

information about regions where the compound can cause intermolecular interaction. 

Therefore, in chalcone, the existence of intermolecular C-H- - -O interactions observed in the 

solid state. In case of pyrazoline, the nitrogen and oxygen atoms of nitro groups are good 

electrophilic site. 

 

 
Chalcone (1) Pyrazoline (2) 

Figure-5 : MEP diagram of compounds 1 and 2 
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3.7 Mulliken atomic charges 

Mulliken atomic charges are calculated and reported in Table 5. Mulliken atomic 

charge calculation has an important role in the application of quantum chemical calculations 

[44, 45]. As indicated in Table 5, carbonyl carbon C11 (0.229) and nitro substituted carbon 

C17 (0.321) atoms carries the largest positive charges among the other carbon atoms, 

therefore, expected to be the site for nucleophilic attack in the chalcone compound. In case of 

pyrazoline, the nitro group substituted carbon C6 (0.232) and carbon C26 (0.228) attached to 

pyrazoline N atom have shown larger positive values which are active nucloephilic sites. The 

oxygen atoms attached with carbonyl group O26 (-0.443), nitro group oxygens of O32 (-

0.290) and O33 (-0.291) have shown largest negative charges in chalcones and pyrazoline 

nitrogens N41 (-0.232), N42 (-0.471) and nitro group oxygens O43 (-0.225) and O44 (-0.226) 

have shown largest negative charges. These negative charges evidenced that these sites are 

good electrophilic sites.  These are charted and displayed in Fig. 6. 

Table-5 : Mulliken atomic charges of compounds 1 and 2 

Chalcone (1) 
 

Pyrazoline (2) 

Atom Charge Atom Charge 
 

Atom Charge Atom Charge 

1C 0.100 15C -0.006 
 

2  C 0.019 19  C -0.007 

2C -0.032 16C 0.073 
 

3  C 0.148 21  C 0.083 

3C 0.042 17C 0.321 
 

4  C -0.024 23  C -0.013 

4C 0.037 18C 0.079 
 

5  C 0.103 26  C 0.228 

5C 0.003 19C -0.030 
 

6  C 0.232 27  C 0.038 

6C -0.004 24O -0.443 
 

11  C 0.048 28  C 0.034 

11C 0.229 27C -0.019 
 

12  C 0.037 29  C -0.008 

12C 0.029 31N 0.048 
 

13  C 0.146 31  C -0.012 

13C 0.037 32O -0.290 
 

16  C 0.109 33  C 0.020 

14C 0.118 33O -0.291 
 

17  C -0.040 37  C -0.008 

     
18  C -0.016 
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Chalcone (1) Pyrazoline (2) 

Figure-6 : Chart of mulliken charges by DFT method for 1 and 2 

3.8 Antimicrobial activities of the synthesized compound 

The synthesized compounds chalcone and its pyrazoline derivative were screened for 

its in- vitro antibacterial properties are effective against pathogenic bacteria such as 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli and Salmonella typhi and three 

fungi Aspergillus niger, Aspergillus flavus and Candida albicans. The activity of compounds 

1 and 2 was tested using the agar diffusion method [46]. Penicillin (25 μg/mL) was used as 

antibiotic and nystatin (25 μg/mL) was used for prophylaxis. Dimethyl sulfoxide (1% 

DMSO) was used as a control, e.g., no compound. Bacteria were grown on nutrient agar 

slants at 37 ± 0.5°C for 24 hours. Use inoculum with 0.1 mL of sterile saline (0.1 mL). Then 

85% of 105 CFU/mL 0.1 mL of compound solution at a concentration of 25-150 μg/mL was 

added to each species in a 6 mm diameter well. All plates were incubated at 37 ± 0.5°C for 24 

hours. Record the zone of inhibition (mm) of the compound and record the minimum 

inhibition concentration (MIC). For immunity, all fungal cultures were maintained on potato 
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dextrose agar (PDA) at a slope of 27 ± 0.2 for 24-48 hours until sporulation. Transfer the 

spores of the strain to 5 mL of sterile distilled water containing 1% Tween-80 (to properly 

remove the spores). Spores were counted with a hemocytometer (106 CFU/mL). Prepare 

sterile PDA plates containing 2% agar, spread 0.1 mL of each fungal spore suspension on 

each plate and incubate for 12 hours at 27 ± 0.2 °C. After incubation, use a sterile punch to 

make an adequate preparation, fill each agar well with 0.1 mL of compound solution at a 

concentration of 25 to 150 µg/mL. Keep the plate in the refrigerator for 20 minutes to allow 

diffusion, and then incubate for 24-28 hours at 27 ± 0.2 °C. After incubation, the zone of 

inhibition of the compound is measured in mm and the standard and minimum inhibition 

concentration (MIC) are recorded. The results of the antibiotic are given in Table 6. From the 

results of antibiotic data, this drug has been shown to have good activity against E. coli. 

 The titled compounds have shown moderate activity against some other bacterial and 

fungal species as compared to standard. 

Table-6: Antimicrobial activities of compounds 1 and 2 

Compounds 

Bacterial species Fungal species 

E. coli B. subtilis Streptococcus S.typhi 
A. 

niger 

A. 

flavus 

C. 

albicans 

1 16 15 14 16 13 11 15 

2 15 12 12 15 10 8 13 

Standard 18 (25) 16 (25) 18 (25) 21 (25) 16 (25) 15 (25) 18 (25) 

Zone of inhibition was expressed in mm, MIC values (mg/mL) are given in brackets, 

MIC>50mg L
-1

. DMSO was used as solvent. 

3.9 Anti-inflammatory activity of synthesized derivatives using HRBC assay 

Fresh human blood was drawn and mixed with equal parts sterilised Alsever’s 

solution (Dextrose 2%, Sodium citrate 0.8%, Citric acid 0.05%, Sodium chloride 0.42%, and 

Distilled water 100mL). This blood solution was centrifuged for 10 minutes at 3000 rpm 

before being washed three times with an equal volume of normal saline. The blood volume is 

measured and reconstituted as a 10% v/v suspension with normal saline. The reaction 

mixture, which included 1.0mL of test sample at various concentrations in normal saline and 

0.5mL of 10% HRBC suspension, 1mL of 0.2M phosphate buffer, and 1mL hyposaline, was 

incubated at 37°C for 30 minutes and centrifuged at 3,000 rpm for 30 minutes. The 

supernatant solution’s haemoglobin content was determined spectrophotometrically at 

560nm. Each experiment was carried out three times. In this study, dichlorofenac sodium was 

used as the standard and distilled water as the control. Where the blood control represents 

either 100% hemolysis or 0% stability, the percentage of HRBC hemolysis calculated by 

formula [47]. 

The in-vitro anti-inflammatory activity revealed that the chalcone derivatives 

exhibited significant activity when compared to the standard, diclofenac sodium. Table 7 

shows the percentage of anti-inflammatory activity of chalcone and its pyrazoline derivative. 

All inhibitors offered adequate protection in a dose-dependent manner. Due to the 

resemblance of RBC membrane with the lysosomal membrane, it may possibly inhibit the 

release of the lysosomal contents of neutrophils at the site of inflammatory reactions. Such 
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neutrophil lysosomal constituents include bactericidal enzymes and proteases, which upon 

extracellular release cause further inflammation and tissue damage. At 500μg/ml, the highest 

effect of stabilization was presented by compound 1 with 83.65% protection. But the 

compound 2 showed 79.56 %. At the lowest concentration (100μg/mL.), same pattern was 

observed. These results may be due to prevention of chemical mediator-release or 

stabilization of the human RBC membrane properties which could be attributed to the 

inhibition of hypotonicity-induced lysis of membrane [48]. Additionally, it may be assumed 

that anti-oxidant and radical scavenging activities of the chalcone play a key role in 

preventing human RBC membrane [49]. However, the anti-inflammatory activity was found 

to be lower than that of diclofenac sodium (85.76%) for chalcone and its derivatives. 

Although the precise mechanism of membrane protection action is not deciphered by this 

study, it may be assumed that the inhibitory compound might mediate membrane protection 

action by changing its surface area/volume ratio of the cells leading to an increase in the 

membrane dimensions or shrinking of the cells or by interactions with the membrane proteins 

[50]. 

Table-7 : IC50 values of the compounds 1 and 2 calculated based on HRBC membrane 

stabilization assay 

 Compounds Concentration (µg/ml) % of inhibition IC50 

1 

100 28.46 

143.86 250 57.84 

500 83.65 

2 

100 32.46 

167.42 250 56.18 

500 79.56 

 

In-vitro anti-inflammatory activity of chalcone and its derivative by HRBC method 

showed IC50 value greater than 100μg/ml. whereas the IC50 value of compound 1 was 

calculated to be 143.86 μg/ml.  Out of these two compounds, compound 1 has showed the 

minimum IC50 value. The observed IC50 value showed that compound 1 exhibited highest 

anti-inflammatory activity. Compounds 2 showed maximum percentage inhibition of 79.56% 

at the concentration of 500μg/ml which is comparable with that of standard drug diclofenac 

sodium which showed the percentage inhibition of 86.61% at the concentration of 500μg/ml.  

4. Conclusion 

In the present study, a chalcone (1) and its cyclic derivative (2) have been synthesized 

by sing ultrasonic energy in order to lesser time when compared to conventional methods. 

The formation of these compounds is confirmed by their spectral data. The DFT studies were 

calculated using Guassian 09W programme. From this calculation, the geometrical 

parameter, Molecular orbital energies, MEP analysis and Mulliken charges were calculated. 

HOMO-LUMO energy gap said that compound (1) is more reactive and soft than compound 

(2). The dipole moments also revealed that compounds (1) has good NLO property. The 
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antibacterial screening showed better activities than fungal pecies. The anti-inflammatory 

activity also showed better results. 
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