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ABSTRACT 
 
A chalcone derivative, (2E)-3-(4-hydroxy-3-ethoxyphenyl)-1-(4-hydroxyphenyl)prop-2-en-1-one 
(HEHP), C17 H16 O4, has been synthesized from the mixture of 4-hydroxyacetophenone (0.05mol) 
and 4-hydroxy-3-ethoxybenzaldehyde (0.05mol) and by following Claisen-Schmidt reaction 
mechanism. Three-dimensional molecular structure, orthorhombic crystal system, and Pbca space 
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group for the title compound were elucidated via single crystal XRD spectral study. The appearance 
of the vibration and absorptions for functional groups were identified using the FT-IR spectrum. 

1
H 

and 
13

CNMR spectra were recorded to recognize the number of unique protons and carbon 
environments and the best estimation of functionality based on shielding/ deshielding effects. The 
UV-Visible spectral study gives assistance to appreciate the absorbance and transmittance 
capabilities of the title molecule while Photoluminescence (PL) spectrum of the compound indicates 
the blue light emission in the visible region. Information regarding the endothermic and exothermic 
processes correlated with the sample was obtained from TG/DTA thermal analysis and the material 
was found to be stable up to 216C. Mechanical properties such as the Hardness (HV), Meyer's 
index (n), Newtonian resistance pressure (W), load independent constant (b) and elastic stiffness 
constant (Cij) were calculated by performing a Vickers hardness test on the compound and they 
demonstrate excellent mechanical power. The as-synthesized molecule has been screened for its 
antibacterial, antifungal, and antioxidant activities and observed to exhibit promising activity against 
various microorganisms 
 

 
Keywords: Chalcone; 1H, 13C NMR; photoluminescence; TGA/DTA; Vickers microhardness; 

antioxidant activity. 
 

1. INTRODUCTION 
 
Flavonoids are a group of plant metabolites 
thought to provide health benefits and antioxidant 
effects and chalcones are a subclass of 
Flavonoids. They are α, β-unsaturated ketones 
consisting of two aromatic rings (ring A and B) 
having a diverse array of the substituent. 
Considerable amounts of chalcones present in 
tomatoes, pears, strawberries, bearberries, and 
certain wheat products. Chalcones and their 
derivatives have gained importance because of 
numerous nutritional and biological benefits. 
Applications of chalcones are indispensable in 
medicinal chemistry [1] and they serve as 
important intermediates for the synthesis of a 
large number of heterocyclic systems [2]. 
Chalcones have been extensively studied for 
their broad spectrum of biological activities [3, 4], 
including antibacterial [5], antifungal [6], 
antiparasitic, effect on the functions of the 
cardiovascular system, antitumor [7], anticancer 
[7,8],anti-inflammatory [9], anti- leishmanial [10], 
antitubercular [11], and antioxidant [12] activities. 
In fact, the pharmacological properties of 
chalcones are due to the presence of both α, β-
unsaturation, and an aromatic ring. The radical 
quenching properties of the phenolic groups 
present in many chalcones have raised interest 
in using the compounds as drugs or food 
preservatives. A number of chalcones having 
hydroxy, alkoxy groups in different positions have 
been observed to possess vasodilatory [13], 
antifilarial [14], and antimalarial activities 
[15]. Besides, the lack of advanced data 
collection facilities and cost-effective 
instrumentations and software packages, the 
more thorough investigation regarding the 

structure-activity relationships, toxicity, and the 
biological effects could be helpful in designing 
new compounds for more effective antibacterial, 
antifungal, antioxidants, and anticancer agents 
for therapeutic applications. 

 
In view of the wide spectrum of biological 
demands of the chalcone compounds, the 
derivative of chalcone (HEHP) has been 
synthesized by following the acid-catalyzed 
Claisen-Schmidt reaction and investigated for its 
optical, thermal, mechanical, and biological 
properties. In this communication, we report the 
results of the investigation which have been 
performed on the title molecule. 

 
2. EXPERIMENTAL 
 
2.1 Synthesis of the Compound (2E)-3-(4-

Hydroxy-3-Ethoxyphenyl)-1-(4-
Hydroxyphenyl) Prop-2-En-1-One 
(HEHP) 

 
The title compound was synthesized following 
the published procedure, which uses the acid-
catalyzed Claisen-Schmidt reaction [16, 17].The 
chemicals were purchased from Sigma Aldrich, 
Chennai, Tamilnadu, India, and used as such 
without any further purification. Dry HCl gas was 
made to pass through a well-cooled and stirred 
solution of 4-hydroxyacetophenone (0.05mol) 
and 4-hydroxy-3-ethoxybenzaldehyde (0.05mol) 
in 120 ml of absolute alcohol taken in a 250 Ml 
round-bottomed flask for a time frame of one 
hour which aids forming wine red colored 
solution. In addition of sufficient quantity of ice-
cold water yellow coloured precipitate of (2E)-3-
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(4-hydroxy-3-ethoxyphenyl)-1-(4-hydroxyphenyl) 
prop-2-en-1-one was formed. The product was 
filtered, washed with double distilled water, and 
then allowed to dry. The dried product was re-
crystallized from hot ethanol [Yield: 80%; Melting 
Point: 220°C]. The reaction scheme representing 
the synthesis procedure is given in Fig. 1 
 
Single crystals of the compound HEHP was 
grown by slow evaporation solution growth 
technique. The solution of recrystallized product 
was prepared at 30°C using absolute 
ethylmethylketone purchased from Sigma 
Aldrich, Chennai, Tamilnadu, India as a solvent. 
The beaker containing the solution was covered 
and housed in a constant temperature bath 
(0.1°C) and continuously stirred using Teflon 
coated immiscible magnetic stirrer purchased 
from Sigma Scientific products, Chennai, 
Tamilnadu, India. The temperature was lowered 
at a rate of 0.5°C/day and after a fortnight, large 
size crystals were obtained (Fig. 2). 
 
2.2 Details of Characterization 

Techniques 
 
2.2.1 Spectral characterization 
 
The structural characterization was carried out 
by X-Ray Diffraction (XRD) while the optical 
characterization by Proton Nuclear Magnetic 
Resonance spectroscopy (1HNMR), Carbon-13 
Nuclear Magnetic Resonance spectroscopy 
(
13

CNMR), Fourier-Transform Infrared 
spectroscopy (FTIR), Ultraviolet-Visible-Near-IR 
spectroscopy (UV-VIS-NIR), and 
Photoluminescence spectroscopy (PL). 
Mechanical and thermal behaviour of the grown 
crystal was also investigated. 
 
X-ray diffraction intensity data were collected for 
the compound using Bruker AXS SMART APEXII 
single-crystal X-ray diffractometer equipped with 

graphite monochromated MoKα (λ=0.7103Å) 
radiation and CCD detector up to θmax= 
28.39°. FTIR spectrum was recorded using   
Perkin Elmer Spectrometer with KBr pellet 
technique [18] in the range 4000- 450cm-1 from 
which the functional groups of the compound 
have been assigned with vibration frequencies. 
The proton and carbon NMR spectra of the 
compound were recorded using Bruker Advance 
III 500 MHz Spectrometer and DMSO-6 as a 
solvent and the chemical shift for the equivalent 
protons/carbons with different chemical 
environments were analyzed. The absorption 
spectrum of HEHP was recorded in the 
wavelength range 200-1100 nm using 
Carry100UV/Vis spectrometer by dissolving the 
compound in ethanol. The photoluminescence 
spectrum (PL) of the compound was recorded 
using the fluorocube lifetime system at SAIF-IITM 
using the Perkin Elmer - Ls 45 luminescence 
spectrometer in the range of 200-600 nm. 
Simultaneous Thermoravimetric analysis                        
(TGA) and Differential thermal analysis                         
(DTA) were carried out for the powdered                       
sample in the temperature range between 38-
500°C with a constant heating rate of                        
10°C/min under a nitrogen atmosphere using a 
NETZSCH STA 409PC/PG thermal analyzer. 
The crucible used was made of alumina, which 
served as a reference for the sample. From the 
TGA/DTA curve, kinetic as well as 
thermodynamic parameters were calculated                       
[19, 20]. Mechanical properties of the 
synthesized compound were studied via the 
Vickers hardness test at room temperature. The 
antioxidant activity of the synthesized material 
has been evaluated using the standard free 
radical scavenging assay DPPH method [21]. 
The bacterial/fungal growth inhibition activity was 
also estimated using the Disk diffusion method 
on Muller Hinton Agar (MHA) medium 
[22]/Sabouraud Dextrose Agar (SDA) medium 
[23]. 

 

 
 

Fig. 1. Reaction scheme of HEHP 
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Fig. 2. A grown crystal of HEHP 
 

2.2.2 1,1’- Diphenyl-2-picrylhydrazyl (DPPH) 
assay 

 
3.7 mL of absolute methanol aliquoted into all 
test tubes, 100 μL of the sample, and 200 μL of 
DPPH solution were added to all of the test tubes 
at room temperature and mixed for 10 s. 
Thereafter, the test tubes were left at room 
temperature in the dark. Exactly 30 minutes after 
the addition of the DPPH solution, the 
absorbance of the solutions at 517 nm was 
measured using a UV spectrophotometer 
/calorimeter for assays. A mixed solution of 100 
μL of absolute methanol and 100 μL of Butylated 
hydroxyl toluene (BHT) was used as the blank. 
The absorbance at the addition of the analytical 
sample was expressed as As, the absorbance at 
the addition of methanol instead of the sample as 
Ac, and the inhibition ratio (%) was obtained from 
the following equation:  
 

Inhibition ratio (%) or (%) of antioxidant 
activity = {(Ac – As)/Ac} ×100 
 
= {(0.96-0.27)/0.96}×100 =71.875% 
 

2.2.3 The disk diffusion test on MHA medium/ 
SDA medium 

 
The title compound was assessed against two 
Gram-positive bacteria species: Staphylococcus 
aureus and Bacillus spp. and three Gram-
negative bacteria species: Salmonella spp.,                   
E. coli, and Pseudomonas spp / three fungi 
species: Candida albicans, Trichoderma viride, 
and Aspergillus niger. The bacterial/fungus 
growth inhibition was evaluated for different 
concentrations (0.5, 0.75 and 1.0mg/mL) of the 

compound. Disk diffusion method on Muller 
Hinton agar (MHA) medium/Sabouraud  
Dextrose agar (SDA) medium employing filter 
paper disc impregnated with the test compound 
and wells in dishes were adopted to test the 
antibacterial/antifungal activity of the title 
compound. In this procedure, stock culture was 
kept at 4°C on nutrient agar slant and the active 
cultures (inoculums) for experiments were 
prepared by transferring a loop full of stock 
culture into the test tubes containing          
nutrient broth, that were incubated for 24 hours 
at 37°C. Muller Hinton agar (MHA) medium was 
poured into the Petri plate and allowed to dry for 
5h. After it was solidified, the inoculums were 
spread on the solid plates with a sterile swab 
moistened with the bacterial/fungal         
suspension. The disks with 20 µL of a sample at 
1000, 750, and 500 µg/mL concentrations were 
placed over the MHA/SDA plates and incubated 
at 37°C for 24h. The compound diffuses from the 
filter paper into the agar. The concentration of 
the compound will be highest next to the disk and 
will decrease as the distance from the disk 
increases. If the compound is effective against 
bacteria at a certain concentration, no colonies 
will grow where the concentration in the agar is 
greater than or equal to the effective 
concentration. This is the zone of inhibition and 
the measure of the diameter of zone of inhibition 
(mm) details the bacterial/fungal growth inhibition 
capability of the compound against the 
microorganisms. 
 
3. RESULTS AND DISCUSSION 
 

3.1 Single Crystal X-Ray Diffraction (XRD) 
 
X-ray diffraction intensity data were collected for 
the title compound HEHP. The compound was 
crystallized in orthorhombic system having 
centrosymmetric space group Pbca with unit cell 
parameters a=16.367,b=10.551,c=16.615 (Å);= 
==90°; V=2869.32(Å

3
). The structure was 

solved by direct methods SHELXS-97 [24] and 
refined by SHELXL-14 [25] with the full-matrix 
least-squares procedure. The significant physical 
and geometrical parameters were tabulated in 
Table 1. The selected bond lengths, bond 
angles, torsion angles and geometry of bonded 
interactions of the compound were given in 
Tables 2 and 3, respectively. The thermal 
ellipsoid plot with a numbering scheme for the 
compound drawn at 30 % probability level [26] 
and packing of the molecules viewed along the 
‘b’ axis is given in Figs. 3 and 4, respectively. 



 
 
 
 

Vasanthi et al.; CSIJ, 29(9): 19-34, 2020; Article no.CSIJ.64469 
 
 

 
23 

 

 
 

Fig. 3. ORTEP diagram drawn at 30% probability level with numbering scheme 
 

 
 

Fig. 4. Packing of the molecules in the unit cell viewed along ‘b’ axis 
 

Table 1. Physical and geometrical features of the compound HEHP 
 

CCDC No.  2015948 
Molecular formula      C17H16O4 
Chemical diagram 

 

Crystal system Orthorhombic  
space group Pbca 
Goodness-of-fit on F

2 
 0.724 

Final R indices [I>2sigma(I)]  R1= 0.058   wR2=0.182  
C-C distance of hydroxyphenyl ring 1.376(7) - 1.399(2)Å 
C-C distance of ethoxyphenyl ring 1.366(3)-1.408(3)Å 
The C-O bond lengths 1.354(2) -1.450(3) Å 
The C=O bond length 1.238(2) Å, 
Dihedral angle between phenyl rings 21.22 (1)°. 
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Table 2. Selected bond lengths [Å], bond angles [°] and torsion angles [°] involving non-
hydrogen atoms with e.s.d's in the parentheses 

 

Atoms Bond 
Distance 

Atoms Bond 
Angle 

Atoms Torsion angle 

C8-C17 1.469(5) O2-C1-C6 126.71(2) O2-C1-C2-O1 2.9(3) 

C1-O2 1.370(3) O2-C1-C2 113.72(2) C6-C1-C2-O1 -179.4(2) 

C1-C6 1.377(3) C6-C1-C2 119.50(2) O2-C1-C2-C3 -175.8(2) 

C1-C2 1.408(3) O1-C2-C3 119.90(2) C6-C1-C2-C3 1.9(3) 

C2-O1 1.361(2) O1-C2-C1 120.20(2) O1-C2-C3-C4 -179.95(1) 

C2-C3 1.366(3) C3-C2-C1 119.88(2) C1-C2-C3-C4 -1.3(3) 

C3-C4 1.387(3) C2-C3-C4 120.31(2) C2-C3-C4-C5 -0.6(3) 
C4-C5 1.384(3) C5-C4-C3 120.91(2) C3-C4-C5-C6 1.8(3) 

C5-C6 1.402(3) C4-C5-C6 118.62(2) C3-C4-C5-C7 -177.92(1) 

C5-C7 1.455(3) C4-C5-C7 119.44(2) O2-C1-C6-C5 176.6(2) 

C7-C9 1.323(3) C6-C5-C7 121.93(2) C2-C1-C6-C5 -0.7(3) 

C9-C10 1.467(3) C1-C6-C5 120.71(1) C4-C5-C6-C1 -1.1(3) 

C10-O4 1.237(2) C9-C7-C5 127.10(2) C7-C5-C6-C1 178.6(2) 

C10-C11 1.472(2) C7-C9-C10 123.31(2) C4-C5-C7-C9 175.3(2) 

C11-C16 1.394(2) O4-C10-C9 121.10(2) C6-C5-C7-C9 -4.5(3) 

C11-C12 1.398(2) O4-C10-C11 120.50(2) C5-C7-C9-C10 -177.43(1) 

C12-C13 1.378(3) C9-C10-C11 118.40(2) C7-C9-C10-O4 -14.2(3) 

C13-C14 1.393(3) C16-C11-C12 117.97(2) C7-C9-C10-C11 166.32(1) 

C14-O3 1.354(2) C16-C11-C10 122.39(2) O4-C10-C11-C16 171.05(1) 

C14-C15 1.385(3) C12-C11-C10 119.61(2) C9-C10-C11-C16 -9.5(3) 

C15-C16 1.376(3) C13-C12-C11 120.93(2) O4-C10-C11-C12 -10.8(3) 
C17-O2 1.450(3) C12-C13-C14 119.96(2) C9-C10-C11-C12 168.66(1) 

    O3-C14-C15 122.50(2) C16-C11-C12-C13 0.8(3) 

    O3-C14-C13 117.62(2) C10-C11-C12-C13 -177.40(1) 

    C15-C14-C13 119.88(2) C11-C12-C13-C14 0.1() 

    C16-C15-C14 119.71(2) C12-C13-C14-O3 178.93(19) 

    C15-C16-C11 121.54(2) C12-C13-C14-C15 -1.1(3) 

    O2-C17-C8 110.30(3) O3-C14-C15-C16 -178.90(1) 

    C1-O2-C17 118.63(2) C13-C14-C15-C16 1.1(3) 

        C14-C15-C16-C11 -0.1(3) 

        C12-C11-C16-C15 -0.8(3) 

        C10-C11-C16-C15 177.37(1) 

        C6-C1-O2-C17 12.3(4) 

        C2-C1-O2-C17 -170.2(2) 

        C8-C17-O2-C1 76.2(3) 
 

Table 3. Geometry of the Hydrogen bonds (Å, °) 
 

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 
O1-H1...O4#1 0.82 2.25 2.958(2) 144 
O3-H3A...O4#2 0.82 1.953 2.766(1) 171 
O1-H1…O2 (intra) 0.82 2.185 2.646(1) 115 

#1 x,-y+5/2, z+1/2    #2 x+1/2, y,-z+1/2 

 
In the compound, atom O1 acts as bifurcated 
donor forming intra and intermolecular hydrogen 
bonds with atoms O2 and O4, respectively, and 
atom O4 behaves as bifurcated acceptor forming 
intermolecular hydrogen bonds with atoms O3 

and O1 of the two neighbouring molecules 
[Symmetry equivalents: x,-y+5/2, z+1/2; x+1/2, 
y,-z+1/2]. In the crystal packing, the molecule is 
linked to four of its adjacent symmetry-related 
molecules through an O-H…O hydrogen bonds 
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forming a supramolecular network [Table 3 and 
Fig. 4].  
 

3.2 Proton and Carbon NMR Spectral 
Studies  

 
1
H NMR (500 MHz, DMSO-d6): δ/ppm1.37(t, 

3H,-CH2-CH3),4.13(q, 2H, -CH2-CH3), 9.56(s, 1H, 
-OH), 10.35(s, 1H,-OH), 6.84(dd, 1H, -C=O-
CHα=CH), 7.24(d, 1H, -C=O-CHα=CHβ), 
and7.47-8.06(m, 7H, Ar-H).Besides, the peak at 
2.51(s, 1H, -C-C=O) and 3.36(s, 1H, -C-O) are 
ascribed to the hydrogen α-to carbonyl and α-

oxygen, respectively, of the crystal structure. In 
the present work, the observed chemical shift 
[Fig. 5a] values of protons of the different 
chemical environment are in good agreement 
with the reported values [27-29].  

 
13

C NMR (500 MHz, DMSO-d6): δ/ppm 15.18 (-
CH2-CH3), 40.14(O-C), 64.48 (O-CH2), 162.34 
(C=C, unsaturated), 113.20-159.11 (Ar-C), and 
187.49 (C=O).The assigned chemical shift [Fig. 
5b] values of carbons of the different 
environment are in good agreement with the 
reported values [30, 31]. 

 

 
 

[a] 
 

 
 

[b] 
 

Fig. 5. [a] Proton and [b] Carbon NMR spectra of HEHP 
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3.3 FTIR- Spectral Analysis 
 
IR (KBr, cm−1): 3390 and 3162 s (-OH), 2991-
2917m (C-H aromatic), 2805-2675 (-CH2), 2456-
2077vw (-CH3), 1639s (C=O), 1382 s (C-O), 
1268-1271m (C-O-C asymmetric) and 1073-
972m (C-O-C symmetric). The absorbance 
bands [Fig. 6] associated with the functional 
groups present in HEHP are found to be within 
the expected range and the assigned wave 
number values are in good agreement with the 
reported values [28, 30,32] 
 

3.4 UV-VIS-NIR Spectral Studies 
 
The title compound exhibits prominent excitation 
peaks at 235 and 361nm (Fig. 7). The existence 
of two eminent signals is the characteristic 
feature of flavanoids [33]. The band gap energy 
was calculated using λmax=361nm in the formula 
Eg= [12.4237/λc] eV, and is found to be 3.442eV. 
When the bandgap value is lesser the excitation 
will be easier and thus longer will be the 
absorption wavelength. The crystal also shows a 
good transmittance in the entire visible region 
which extends even into the near IR region and 
hence finds applications in optoelectronic 
devices.  
 

3.5 Photoluminescence Studies  
 
PL spectrum of the title material (Fig. 8) reveals a 
strong and sharp emission peak at 424nm and a 

relatively broad peak of medium intensity at 
493nm. The first peak is attributed to the 
transition from excited singlet state to ground 
state (fluorescence) and the second one to the 
transition from excited singlet to excited triplet 
state (intermediate state) and then to ground 
state (Phosphorescence). The prominent blue 
emission may be due to the mobility of π- 
electrons through donor to acceptor groups 
present in the compound. 
 
3.6 Thermal Analysis  
 
The simultaneously recorded TGA/DTA curve 
of HEHP is shown in Fig. 9a. The endothermic 
trend is noted in the DTA curve. A broad 
exothermic change around 100°C indicates the 
desorption of water molecules from the 
compound, whereas the sharp endothermic peak 
at 221°C specifies the melting point of the 
compound followed by a broad endothermic peak 
at 340°C, the decomposition temperature. From 
the TG thermogram, the large decomposition of 
mass appears to take place in two steps. A mass 
change of 33.80% and 19.84% transpire 
between 216 - 360°C and between 360- 450°C, 
respectively. From the TG thermogram the upper 
use temperature observed is 216°C and 
decomposition of mass extends up to 499°C 
leaving a residual mass of 44.16%. TGA/DTA 
thermograms of the grown crystal clearly indicate 
that the crystal can be utilized for any thermal 
applications up to 216ºC. 

 

 
 

Fig. 6. The recorded FTIR spectrum in the range 4000-400 cm
-1

, representing the molecular 
fingerprint of the sample HEHP 
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Fig. 7. UV-VIS-NIR spectrum showing absorption bands in the UV region and transmittance in 
the entire visible region and extended into the near IR region of HEHP 

 

 
 

Fig. 8. PL spectrum showing the emission peaks due to fluorescence and Phosphorescence of 
HEHP 

 
3.6.1 Calculation of kinetic and 

thermodynamic parameters 
 
TGA of drug materials is probably the largest 
area of application for thermal analysis and is 
often used to measure residual solvents and 
moisture, but can also be used to determine the 
solubility of drug materials in solvents. These 
data have been evaluated using the Coats-

Redfern relation to obtaining the kinetic 
parameters as well as thermodynamic properties.  
 
The kinetic parameters like activation energy (E), 
frequency factor (A) and order of the reaction (n) 
were determined by Coats and Redfern Relation 
[34,35]. It also helps to evaluate the 
thermodynamic properties further. The Coats and 
Redfern relation is as follows:  
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Where,  is the heating rate in K/min, T is the 
absolute temperature and  is the fraction of 
original substance decomposed at time t. .is 
given by 

 

 
 
here, mt is the mass at a given time, mo and mf is 
the initial and final masses of the sample 
respectively, and is calculated from TGA data, 
and R denotes gas constant. The plots of Y = –
log10 [{1–(1–)

 1 – n
} / {T

2 
(1– n)}] versus X 

=(1/T)103 K-1, were straight lines for different 
values of n, however, the best linear fit plot gives 
the correct value of n. The activation energy and 
frequency factor are determined from the slope 
and intercept of the plot. Using kinetic 
parameters, the Arrhenius equation can be 
written as k = Ae

–E/RT
. 

 
For the compound HEHP, the best linear fit was 
obtained for n = 0.5 (Fig. 9b). The values of 
activation energy and frequency factor are found 
to be 84.42 kJmol

-1
 and 2.381x10

-5
S

-1
, 

respectively. The frequency factor, which can be 
further used in the calculations of different 
thermodynamic properties such as entropy ΔS, 
enthalpy ΔH, Gibbs free energy ΔG and whose 
values are -329.7,-49.88, and 93.93 (kJ/mol), 
respectively. They are calculated from the 
formulae,  
 

ΔS=2.303×R× Ah KB Tm ; ΔH = E - 2 R T; ΔG 
= ΔH – TΔS 

 

where, A is the frequency factor, KB- Boltzmann 
constant, h -Planck‘s constant, R- gas constant, 
Tm absolute temperature in Kelvin. The Negative 
value of ΔH reveals that the process is 

exothermic and that of ΔS shows that the activity 
is non-spontaneous. Moreover, the positive value 
of ΔG indicates that the substance is 
thermodynamically stable [36]. 

 
3.7 Vickers Microhardness Test  
 
During the mechanical strength analysis, a 
diamond indenter is pressed into the surface of 
the crystal under the influence of a known load 
(25-100g) and the size of the resulting 
indentation is measured. The applied load and 
the corresponding diagonal length of the 
indentation are listed in Table 4. The hardness 
number is calculated from the expression, HV = 
[1.854P/d

2
] Kg/mm

2
, where P is the applied load 

in gram and d is the diagonal length in millimetre. 
The graph is plotted between the load and the 
hardness number for the grown compound 
(Fig.10a).  

 
A graph is plotted as log d Vs log P (Fig.10b) 
whose slope is the measure of Meyer‘s index ‘n’ 
or work hardening coefficient. The value of ‘n’ 
lies between 1 and 1.6 for hard materials and is 
more than 1.6 for soft materials [37]. In the 
present study, ‘n’ is found to be 2.32 which show 
that the compound goes with soft materials. 
Another graph is also drawn between load P and 
d

2
 (Fig.10c), and the value of W (Newtonian 

resistance pressure) and b (Load independent 
constant) are determined from the slope and 
intercept of the plot [38]. The elastic                             
stiffness constant (Cij) [39] for different loads                  
was calculated using Wooster‘s empirical                    
formula Cij = (HV)7/4, where i, j are normal 
components of stress (positive for tensile 
stresses) and the components with i ≠ j are the 
shear components and the calculated values are 
listed in Table 4. 

 
Table 4. Parameters defining the Mechanical properties of the compound 

 
Load 

 P (g) 

d (mm) HV 
(Kg/mm2) 

Cij 
(Kg/mm2) 

Work hardening 
coefficient (n) 

Newtonian resistance 
pressure W (g) 

25 24.525 72.7 1810.03  

2.318 

 

0.055 50 34.195 86.55 2455.94 

00 44.47 97.6 3030.66 
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Fig. 9 [a] TG/DTA curves and [b] Plot of coat-redfern relation of HEHP  
 

3.8 Antioxidant Activity Study of the 
Compound 

 
For the title compound, the percentage of DPPH 
inhibition which is the measure of the percentage 
of antioxidant activity was observed to be 
71.875%. The o- and p-substitution by electron-
donating groups may increase the antioxidant 
activities of chalcones [40,41] and the superoxide 
radical scavenging activity of the chalcones 
followed the order o-methoxychalcone>m-
methoxy) >p-methoxy. The high antioxidant 
activity of the synthesized compound may be due 
to the presence of a hydroxyl group that donates 

an electron to reduce the DPPH radicals. These 
results offer interesting synthetic possibilities to 
synthesize more potent antioxidants. 
 

3.9 Antibacterial and Antifungal Activity 
Studies 

 
Estimated zone of inhibition of the compound 
against Gram-positive and Gram-negative 
bacteria/fungi compared with the reference 
antibiotic drug Ampicillin (1 mg/mL), were listed 
in Tables 5 & 6. For interpretation of the results 
the tabulated data were also represented by a 
bar graph [Fig.11] 

1/T x 103 K-1 
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Fig. 10. Plots relating various parameters of HEHP [a] Load P and Hardness number Hv [b] log 
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Table 5. Antibacterial activity of the compound HEHP 
 

  Organisms Zone of Inhibition (mm) 
Concentration(mg/mL) 

Ampicillin 
(1mg/mL) 

1.0 0.75 0.5   
Staphylococcus aureus 21 17 17 34 
Bacillus spp. 34 21 20 38 
E. coli 12 9 7 20 
Salmonella spp. 14 12 12 28 
Pseudomonas aeroginosa 21 18 16 40 

 
Table 6. Antifungal activity of the compound HEHP 

 
Organisms Zone of Inhibition (mm) Ampicillin 

(1mg/mL) Concentration(mg/mL) 
1.0 0.75 0.5  

Candida albicans 7 6 6 8 
Aspergillus niger 14 13 12 15 
Trichoderma viride 8 7 6 9 

 
 

  
                                         [a]                                                                           [b] 
 

Fig. 11. Bar Graph: [a] Antibacterial activity of the title compound against various 
microorganisms and [b] Antifungal activity of the compound against various microorganisms 

 
Chalcone derivative HEHP had shown an 
excellent bacterial growth inhibition activity 
against Gram-positive bacterial strains and 
moderately against Gram-negative bacterial 
strains. This may be due to the presence of C=O, 
-OCH3 and OH groups and the order of bacterial 
growth inhibition activity for various chalcones 
had been found X > OH > OCH3> NO2 [40,41].  
 
Estimates of the zone of inhibition [Table 6] for 
the title compound demonstrate the ultimate 
fungal growth inhibition capability against all 

fungi. Attaching methoxy group on p-position or 
hydroxyl on any position of the aromatic ring may 
enhance antifungal activity and the presence of 
electron-withdrawing groups reduced the activity 
of chalcones [40,41]. The position of the hydroxyl 
group in ring A [Fig.3, C11-C16] was found 
important for chalcone and its derivatives, and 
the favored location for the hydroxyl group was 
the m-position in ring A. These results reflect that 
the improvement in antifungal activities of 
chalcones may be achieved by incorporating 
hydroxyl and other electron-donating groups at 
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proper positions in the aromatic rings and 
avoiding nitro group substitution. In our opinion, it 
is possible to realize cent percent control over 
the fungal growth by designing a synthesis 
procedure incorporating a preferred chemical 
group at an appropriate position in the aromatic 
ring of the compound. 
 

4. CONCLUSION 
 
A new chalcone derivative (HEHP) has been 
synthesized and studied for crystallographic 
features. The compound was crystallized in the 
orthorhombic system with the space group Pbca 
and the crystal packing was stabilized by C-
H…O and O-H…O type inter and intramolecular 
hydrogen bonds. The stretching/bending 
vibrations of various functional groups of the 
compound have been assigned with wave 
numbers via the FTIR spectrum. The chemical 
shift for the equivalent protons/carbons and the 
protons/carbons with different chemical 
environments were analyzed by proton/carbon 
NMR spectral analysis. The protons/carbons 
chemical shift values were remaining within the 
expected range. The absorption and emission 
capabilities of the grown compound have been 
analyzed using the UV-Vis-NIR spectrum and the 
information derived explains its suitability for 
optoelectronic applications. From the TGA/DTA 
thermograms, the thermodynamic properties 
likethe melting point, activation energy, 
frequency factor, enthalpy, entropy, and Gibb’s 
free energy of the grown compound were 
calculated. The values of thermodynamic 
parameters suggest that the chemical process is 
exothermic, non-spontaneous and the compound 
is thermodynamically unstable. From the Vickers 
microhardness test of the compound, the 
Hardness number (HV), Meyer's index (n), 
Newtonian resistance pressure (W), load 
independent constant (b), and elastic stiffness 
constant (Cij) were calculated which 
characterizes its mechanical behavior. Meyer's 
index (n  1.6) value shows that the crystal fits 
into soft class material.  
 
The free radical scavenging (antioxidant) activity 
of the compound was found to be significant 
(71.875%).The compound has also been 
evaluated for its antibacterial /antifungal activity 
and the estimates of the zone of inhibition due to 
various microorganisms cogitate about excellent 
to moderate level. It is now possible to produce 
chalcones at a large scale with the use of genetic 
modifications; future optimization of chalcones 
through structural alteration may allow the 

development of pharmacologically acceptable 
drugs. 
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