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Synthesis, Molecular Structure, Spectral, Thermal,
and DFT Studies of an Organic Crystal:

1-(benzo[d][1,3]dioxol-5-yl)-3-phenylprop-
2-en-1-One

S. SENTHAN,1 S. SRINIVASAN,2 AND S. KABILAN1,*

1Department of Chemistry, Annamalai University, Annamalainagar, Tamilnadu,
India
2Department of Chemistry (DDE Wing), Annamalai University,
Annamalainagar, Tamilnadu, India

The synthesis, characterization, thermal stability, optical spectroscopic, FT-IR, and
theoretical studies of a novel 1-(benzo[d][1,3]dioxol-5-yl)-3-phenylprop-2-en-1-one
(BDP) is reported. Structure is elucidated by single-crystal X-ray diffraction analysis.
The crystal belongs to monoclinic system with centrosymmetric space group P21/c with
four molecules in the unit cell. The various mode of vibration present in the molecule
are confirmed by FT-IR analysis and the experimental pattern is compared with theo-
retical one. The crystal is transparent in the entire visible region having a lower optical
cut-off ∼390 nm and the observed values are compared with theoretical values. The
surface morphology of the specimen was analyzed by scanning electron microscopy
(SEM). The TG/DTA study reveals the purity of the materials and no decomposition is
observed up to the melting point. Theoretical calculations were performed to derive the
optimized geometry, average polarizability (α), dipole moment (μ), first-order molec-
ular hyperpolarizability (β), HOMO–LUMO, chemical hardness (η), softness (S), and
electronegativity (χ ) by using B3LYP/6-31G(d,p) level of theory. The atomic charge
distributions of the various atoms present in BDP are obtained by Mulliken charge
population analysis.

Keywords Crystal structure; HOMO–LUMO; hyperpolarizability; thermal analysis;
vibrational spectroscopy

1. Introduction

Chalcones belonging to flavonoid family are the biosynthetic product of shikimate pathway.
Chalcones and its derivatives have drawn a greater attention due to their potent broad spec-
trum pharmacological applications. They are the key precursors in the synthesis of many of

∗Address correspondence to Dr. S. Kabilan, Department of Chemistry, Annamalai University,
Annamalainagar 608 002, Tamilnadu, India. E-mail: kabilan.s.1600@annamalaiuniversity.ac.in

Color versions of one or more of the figures in the article can be found online at
www.tandfonline.com/gmcl.
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250 S. Senthan et al.

the biologically important hetero cycles such as pyrazolines, pyrimidines, flavones etc. Chal-
cones and their derivatives are easily available, not only by isolation from natural products
but also by the methods of classical and combinatorial synthesis. The cytotoxic, anticancer,
chemopreventative and mutagenic properties of a number of chalcones have been reviewed
[1, 2]. The antibacterial, fungistatic, and fungicidal properties of these compounds have been
reviewed and their analogs are used as potential therapeutic agents in diseases of the cardio-
vascular system [3]. Heterocyclic analogs of chalcons exhibit anti-inflammatory, antitumour
[4–6], antibacterial, antifungal [7], antitubercular, antiviral, antiprotozal, and gastroprotec-
tive activities. In addition, with appropriate substituents, chalcones are a class of nonlinear
optical materials [8–17]. Among the many known organic nonlinear optical materials, chal-
cones exhibit extremely high and fast nonlinearity [18–21] and its derivatives have excellent
blue light transmittance and good crystallizability [22, 23]. Higher the charge transfer, larger
is the hyperpolarizability (β). These types of materials are chosen since they are very promis-
ing class due to large beta values and the possibility of enhancing nonlinearity by molec-
ular design. In the present investigation, we report the synthesize and characterization of
1-(benzo[d][1,3]dioxol-5-yl)-3-phenylprop-2-en-1-one by X-ray diffraction, spectral
(FT-IR and UV–visible), thermal, morphological, and the theoretical predictions were
carried out by using B3LYP/6-31G(d, p) level of theory.

2. Experimental Details

2.1. Synthesis and Growth

BDP was synthesized by mixing stochiometric amounts of 3,4-methylenedioxy acetophe-
none (0.001 mol) and benzaldehyde (0.001 mol) in the molar ratio of 1:1 (Scheme 1). The
reactants were dissolved in ethanol, thoroughly mixed using a magnetic stirrer (10 min)
and 10% NaOH solution was added drop by drop at 30◦C for 30 min. After stirring for
2 h, the contents of the flask were poured into ice-cold water. The solid precipitate formed
was collected by filtration, dried and purified by recrystallization process using ethanol
as a solvent (yield: 90%). The completeness of the reaction was monitored by thin layer
chromatography.

Single crystals of BDP were grown from an ethanolic solution by slow evaporation
solution growth technique at room temperature. A saturated solution of BDP in ethanol was
prepared and the solution stirred well for 3 h at room temperature to obtain a homogenous
solution. A beaker containing BDP solution was tightly covered with thin polythene sheet
to control the evaporation rate of the solvent and kept undisturbed in dust free environment.
Numerous tiny crystals were formed at the bottom of the container due to spontaneous
nucleation. The single crystal suitable for the X-ray diffraction study was harvested in a
period of 4–5 days.

Scheme 1.
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2.2. Characterization Studies

The structural analysis of BDP was carried out for a selected needle of approximately
0.35 × 0.30 × 0.30 mm3 using a BRUKER AXS (Kappa APEXII) X-ray diffrac-
tometer. The powder XRD analysis was performed using a Philips X’pert Pro Triple
axis X-ray diffractometer using a wavelength of 1.540 Å with a step size of 0.008
Å. FT-IR spectrum was recorded using an AVATAR 330 FTIR by KBr pellet tech-
nique in the range of 400–4000 cm−1. Morphologies of the samples were observed
on a JEOL JSM 5610 LV scanning electron microscope. A CARY−5E UV−VIS-NIR
spectrophotometer was used for the UV−vis studies. Thermogravimetry and differential
thermal analyses were recorded on NETZSCH STA 449F3 thermal analyzer in nitrogen
atmosphere.

2.3. Computational Details

The entire calculations were performed using the GAUSSIAN 09W [24] program package
on a personal computer without any constraints on the geometry using density functional
theory (DFT) method with 6−31G(d,p) as the basis set [25]. By the use of the GAUSSVIEW
5.0 molecular visualization program [26], the optimized structure of the molecule has been
visualized.

3. Results and Discussion

3.1. Molecular Structure

The structural analysis of BDP was carried out by single X–ray diffraction analysis and the
crystallographic parameters are listed in Table 1. It belongs to monoclinic system with space
group P21/c. The ORTEP and packing diagrams are shown in Figs 1 and 2. The optimization
of BDP was carried out using B3LYP/6-31G(d,p) level of basis set and the optimized atom
numbering is shown in Fig. 3. The comparative optimized structural parameters such as
bond lengths and angles along with the XRD data is listed in Table 2. As seen from Table 2,
most of the optimized bond lengths are slightly higher than the experimental values and the
angles are slightly different from the experimental ones, because the molecular states are
different during experimental and theoretical processes. The most variation in the angles
at C(3)-C(2)-C(1) and C(2)-C(3)-C(4) are due to the interaction between carbonyl oxygen
(C1O1) and aromatic hydrogen C5 carbon atom. The molecular structure of BDP is non-
planar. Taking C4–C9 phenyl ring as plane 1, C10–C16 bicyclic ring as plane 2 and the
central C1–C2 = C3 as plane 3, the dihedral angle between them, DA12, DA13, and DA23

are, 20.10◦, 16.88◦, and 8.55◦, respectively.

3.2. FT-IR Analysis

The FT-IR spectrum of BDP (Fig. 4a) was recorded using an AVATAR 330 FTIR by KBr
pellet technique in the range of 400–4000 cm−1. The sharp absorption band appeared at
∼1653 cm−1 is due to -CO stretching of α, β-unsaturated carbonyl group. The bands
appeared at ∼2903 and ∼2782 cm−1 are due to aliphatic C-H stretching vibrations. The
aromatic C-H stretching vibration appeared at ∼3073 cm−1. The strong absorption bands
at ∼1589 and ∼1504 cm−1 are corresponding to C = C stretching vibration. The bands
observed at about 982, 814, and 767 cm−1 is due to aromatic C-H bending vibrations.
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252 S. Senthan et al.

Table 1. Crystal data and structure refinement for BDP

Identification code shelxl

Empirical formula C16H12O3

Formula weight 255.76
Temperature 293(2) K
Wavelength 0.71073 Å
Crystal system, space group Monoclinic, P21/c
Unit cell dimensions a = 5.796(5) Å, α = 90.000(5)◦.

b = 8.694(5) Å, β = 91.467(5)◦.
c = 24.411(5) Å, γ = 90.000(5)◦.

Volume 1229.7(13) Å3

Z, Calculated density 4, 1.381 Mg/m3

Absorption coefficient 0.096 mm−1

F(000) 535
Crystal size 0.30 × 0.30 × 0.190 mm3

Theta range for data collection 1.669 to 27.998◦.
Limiting indices −7< = h< = 7, −11< = k< = 11, −32< = l< = 32
Reflections collected/unique 14116 / 2977 [R(int) = 0.0265]
Completeness to theta = 25.00 100.0%
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.9973 and 0.9534
Refinement method Full-matrix least-squares on F2

Data/restraints/parameters 2977/0/172
Goodness-of-fit on Fˆ2 1.128
Final R indices [I > 2sigma (I)] R1 = 0.0415, wR2 = 0.1379
R indices (all data) R1 = 0.0710, wR2 = 0.1688
Extinction coefficient 0.039(5)
Largest diff. peak and hole 0.202 and −0.245 e.A−3

BDP belongs to C1 point group symmetry and it consists of 31 atoms which undergoes
87 normal modes of vibrations. Theoretical FT-IR spectrum of BDP is shown in Fig. 4b.
The observed experimental and theoretical FT–IR vibrational bands of BDP are listed in
Table 3.

Figure 1. ORTEP diagram of BDP.
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Figure 2. Packing diagram of BDP.

3.3. Powder XRD

The indexed powder XRD pattern of as-grown BDP is shown in Fig. 5. The XRD profiles
show that a sample is of single phase without detectable impurity. The well defined Bragg’s
peaks at specific 2θ angles show high crystallinity of the material.

3.4. SEM

The SEM images (Fig. 6) were taken at maginification values for 2,500× and 5,000× with
maximum values of 15 kV using a JEOL JSM 5610 LV scanning electron microscope.
Small pores and crystal voids are observed on the surface of the BDP.

3.5. Optical Absorption Studies

UV–vis spectrum of BDP was recorded using ethanol as a solvent. The optical absorbance
spectrum shows minimum absorbance in the visible region and the lower cut-off wavelength
is ∼390 nm (Fig. 7a). To support experimental observations, the theoretical electronic
absorbance spectrum of BDP has been carried out (Fig. 7b). On the basis of a fully
optimized ground state structure, the electronic spectrum of BDP was computed in ethanol

Figure 3. Optimized molecular structure of BDP.
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Table 2. The calculated geometrical parameters of BDP

Parameters XRD data Theoretical data

Bond length (Å)
O(1)-C(1) 1.2227 (19) 1.232
C(1)-C(2) 1.470 (2) 1.478
C(1)-C(10) 1.482 (2) 1.501
O(2)-C(15) 1.3759 (19) 1.375
O(2)-C(14) 1.411 (2) 1.429
C(2)-C(3) 1.317 (2) 1.358
C(2)-H(2) 0.93 1.085
C(4)-C(9) 1.381 (2) 1.412
C(4)-C(5) 1.383 (2) 1.410
C(4)-C(3) 1.461 (2) 1.464
O(3)-C(13) 1.3638 (18) 1.367
O(3)-C(14) 1.426 (3) 1.437
C(3)-H(3) 0.93 1.090
C(5)-C(6) 1.374 (2) 1.392
C(5)-H(5) 0.93 1.081
C(6)-C(7) 1.363 (3) 1.396
C(6)-H(6) 0.93 1.086
C(7)-C(8) 1.373 (3) 1.396
C(7)-H(7) 0.93 1.086
C(8)-C(9) 1.380 (2) 1.390
C(8)-H(8) 0.93 1.086
C(9)-H(9) 0.93 1.087
C(10)-C(11) 1.383 (2) 1.402
C(10)-C(16) 1.404 (2) 1.417
C(11)-C(12) 1.385 (2) 1.403
C(11)-H(11) 0.93 1.083
C(12)-C(13) 1.356 (2) 1.381
C(12)-H(12) 0.93 1.083
C(14)-H(14A) 0.97 1.094
C(14)-H(14B) 0.97 1.098
C(15)-C(16) 1.350 (2) 1.373
C(15)-C(13) 1.368 (2) 1.396
C(16)-H(16) 0.93 1.082

Bond angle (◦)
O(1)-C(1)-C(2) 120.58 (14) 123.81
O(1)-C(1)-C(10) 119.58 (13) 118.72

Bond angle (◦)
C(2)-C(1)-C(10) 119.82 (13) 117.43
C(15)-O(2)-C(14) 105.92 (15) 106.09
C(3)-C(2)-C(1) 121.10 (14) 131.62
C(3)-C(2)-H(2) 119.5 114.29
C(1)-C(2)-H(2) 119.5 114.08
C(9)-C(4)-C(5) 118.34 (14) 117.99
C(9)-C(4)-C(3) 122.44 (14) 125.08

(Continued on next page)
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Table 2. The calculated geometrical parameters of BDP (Continued)

Parameters XRD data Theoretical data

C(5)-C(4)-C(3) 119.22 (14) 116.02
C(13)-O(3)-C(14) 105.79 (13) 105.98
C(2)-C(3)-C(4) 127.64 (15) 136.22
C(2)-C(3)-H(3) 116.2 112.63
C(4)-C(3)-H(3) 116.2 111.09
C(6)-C(5)-C(4) 121.12 (17) 120.29
C(6)-C(5)-H(5) 119.4 120.84
C(4)-C(5)-H(5) 119.4 118.85
C(7)-C(6)-C(5) 119.97 (17) 120.87
C(7)-C(6)-H(6) 120 119.87
C(5)-C(6)-H(6) 120 119.24
C(6)-C(7)-C(8) 119.94 (16) 119.60
C(6)-C(7)-H(7) 120 120.24
C(8)-C(7)-H(7) 120 120.14
C(7)-C(8)-C(9) 120.27 (17) 119.75
C(7)-C(8)-H(8) 119.9 120.31
C(9)-C(8)-H(8) 119.9 119.92
C(8)-C(9)-C(4) 120.33 (16) 121.46
C(8)-C(9)-H(9) 119.8 119.44
C(4)-C(9)-H(9) 119.8 119.08
C(11)-C(10)-C(16) 119.67 (13) 120.04
C(11)-C(10)-C(1) 122.99 (13) 123.34
C(16)-C(10)-C(1) 117.34 (13) 116.56
C(10)-C(11)-C(12) 121.67 (14) 121.89
C(10)-C(11)-H(11) 119.2 119.98
C(12)-C(11)-H(11) 119.2 118.08

Bond angle (◦)
C(13)-C(12)-C(11) 117.20 (15) 116.78
C(13)-C(12)-H(12) 121.4 121.38
C(11)-C(12)-H(12) 121.4 121.82
O(2)-C(14)-O(3) 108.42 (14) 108.01
O(2)-C(14)-H(14A) 110 109.76
O(3)-C(14)-H(14A) 110 109.21
O(2)-C(14)-H(14B) 110 109.65
O(3)-C(14)-H(14B) 110 109.26
H(14A)-C(14)-H(14B) 108.4 110.86
C(16)-C(15)-C(13) 122.51 (14) 122.09
C(16)-C(15)-O(2) 127.79 (15) 128.47
C(13)-C(15)-O(2) 109.70 (14) 109.42
C(15)-C(16)-C(10) 117.30 (14) 117.37
C(15)-C(16)-H(16) 121.4 122.83
C(10)-C(16)-H(16) 121.4 119.79
C(12)-C(13)-O(3) 128.24 (15) 128.31
C(12)-C(13)-C(15) 121.64 (14) 121.78
O(3)-C(13)-C(15) 110.12 (14) 109.89
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256 S. Senthan et al.

Figure 4. FT-IR spectra of BDP: (a) Experimental and (b) Theoretical.

environment using TD–DFT method and the calculated absorption peak, excitation energy,
and oscillator strengths of BDP are listed in Table 4.

3.6. Thermal Analysis

In order to exam the thermal stability of BDP crystal, the thermogravimetric analysis (TG)
and differential thermal analysis (DTA) have been carried out simultaneously in nitrogen
atmosphere (Fig. 8). Weight loss due to melting and decomposition is observed at ∼250◦C.
The absence of endo or exothermic transition below 250◦C indicates the absence of the
other phase transitions before the melting point of BDP.

Table 3. Observed FT-IR vibrational bands of BDP (cm−1)

Experimental Theoretical Assignments of vibration

1653 1649 C O stretching
1504 1497 aromatic C C stretching
3073 3085 aromatic C H stretching
2903 — aliphatic C H stretching
982 970 C H bending

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
4:

17
 0

2 
Ja

nu
ar

y 
20

16
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Figure 5. Powder XRD pattern of BDP.

3.7. First-Order Molecular Hyperpolarizability

The first-order molecular hyperpolarizability of BDP was calculated using B3LYP/6-31G
(d, p) level of basis set, based on the finite-field approach. The first-order hyperpolarizability
is a third rank tensor that can be described by a 3 × 3 × 3 matrix. The 27 components of
the 3D matrix can be reduced to 10 components due to Kleinman symmetry [27]. It can
be given in the lower tetrahedral format. It is obvious that the lower part of the 3 × 3 × 3
matrices is a tetrahedral. The components of β are defined as the coefficients in the Taylor
series expansion of the energy in the external electric field. When the external electric field
is weak and homogeneous, this expansion becomes:

E = E0 μαFαl/2ααβFαFβ 1/6βαβγ FαFβFγ

where E0 is the energy of the unperturbed molecules, Fα is the field at the origin, and μα ,
ααβ and βαβγ is the components of the dipole moment, polarizability and the first-order
molecular hyperpolarizability, respectively. The total static dipole moment (μ), the mean
polarizability (α0) and the mean first-order molecular hyperpolarizability (β0), using the x,

Figure 6. SEM images of BDP.
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258 S. Senthan et al.

Figure 7. UV-vis spectra of BDP: (a) Experimental and (b) Theoretical.

y, z components are defined as

μ = (
μ2

x + μ2
y + μ2

x

)1/2

α0 = (
αxx + αyy + αzz

)
/3

β0 = (
β2

x + β2
y + β2

z

)
1/2

Table 4. Theoretical electronic absorption spectral values of BDP

Wavelength Excitation Oscillator
(λmax, nm) energies (eV) strengths (f)

380.46 3.2588(66 → 67) 0.3891
369.75 3.3532(62 → 67), (63 → 67)(64 → 67), (65 → 67), (66 → 67) 0.0243
318.92 3.8877(64 → 67), (65 → 67) 0.4205
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Figure 8. TG/DTA curves of BDP.

where,

βx = βxxx + βxyy + βxzz

βy = βyyy + βxxy + βyzz

βz = βzzz + βxxz + βyyz

Organic molecules containing conjugated π electrons are characterized by large values
of molecular first-order hyperpolarizabilities and analyzed by means of vibrational spec-
troscopy [28–31]. The intramolecular charge transfer from the donor to acceptor group
through a single-double bond conjugated path can induce large variations on both the
molecular dipole moment and polarizability [32].

In present study, the calculated total molecular dipole moment (μ), polarizability
(α), and mean first-order molecular hyperpolarizability of the specimen are 5.192 Debye,
29.396 esu, and 13.834 × 10−30 esu, respectively, and the calculated components are listed
in Table 5. The total dipole moment of the BDP is ∼ 3.7 times greater than that of urea
and first-order molecular hyperpolarizability is ∼37 times greater than that of urea (for
urea, μ = 1.3732 and β = 0.3728 × 10−30 esu obtained by HF/6-311G(d,p)). Higher β

is associated with high charge transfer. Tuning the electronics properties by substitution,
it could be possible to enhance the first-order molecular hyperpolarizability and engineer
the nonlinearity in the macrolevel. Table 6 shows the hyperpolarizability of BDP and some
chalcone derivatives reported in the literature.

3.8. Molecular Electrostatic Potential

Molecular electrostatic potential (MEP) at a point in the space around a molecule gives an
indication of the net electrostatic effect produced at that point by the total charge distribution
(electron + proton + nucleus) of the atom or molecule and correlates with dipole moments,
electronegativity, partial charges, and chemical reactivity of the molecule. The different
values of the electrostatic potential at the surface are represented by different colors: red
represents regions of most negative electrostatic potential, blue represents regions of most
positive electrostatic potential, and green represents regions of zero potential. The order

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
4:

17
 0

2 
Ja

nu
ar

y 
20

16
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Table 5. The calculated β components, β tot (×10−30 esu), dipole moment
(in D), polarizabilty (α in esu), and HOMO–LUMO (eV), electronegativity

(eV), hardness (eV), and softness (eV−1) values of BDP

First-order molecular hyperpolarizability

βxxx 1644.427
βxxy −126.484
βxyy −34.356
βyyy 93.665
βxxz −381.822
βxyz 45.634
βyyz 15.898
βxzz −49.332
βyzz −5.495
βzzz 9.750
β tot 13.834

Dipole moment
μx −1.0342
μy 1.9018
μz 0.5667
μ 5.192

Polarizability
αxx 352.666
α xy 3.400
α yy 170.081
α xz 6.492
α yz −0.942
αzz 72.318
α 29.396

HOMO – LUMO
EHOMO −5.850
ELUMO −2.024
EHOMO – LUMO 3.826
I 5.850
A 2.024
χ 3.937
η 1.913
S 0.261

of increase of potential is, red < orange < yellow < green < blue. The electrophiles
tend to the negative and the nucleophiles tend to the region of positive ESP. In BDP, the
carbonyl group behaves as electrophiles region and it is denoted as red color. Likewise, the
nucleophiles region was graphically shown as blue color. Molecular surfaces obtained by
B3LYP/6-31G(d,p) are shown in Fig. 9.
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Table 6. Hyperpolarizability of BDP and some chalcones

β (×10−30)
Compound (in esu) Ref

BDP 13.834 Present work
1-(4-Aminophenyl)-3-(3,4-dimethoxyphenyl)-prop-2-en-

1-one
24.8 [15]

(2E,6E)-2-(4-fluorobenzylidine)-6- (4-
methoxybenzylidine) cyclohexanone

7.066 [16]

4-methoxy-4
′
-chlorochalcone 12.436 [17]

1,5-diphenylpenta-2,4-dien-1-one 7.077 [33]
1,5-diphenylpenta-1,4-dien-3-one 8.639 [34]
(2E,6E)-2-benzylidene-6-(4-

methoxybenzylidene)cyclohexanone
3.414 [35]

4-Fluro chalcone 12.572 [36]

3.9. Mulliken Atomic Charges

In the application of quantum mechanical calculations to molecular systems, the cal-
culation of effective atomic charge plays an important role. Mulliken atomic charges
are calculated by determining the electron population of each atom as defined by the
basis function. Fig. 10 shows the Mulliken atomic charges of BDP. The carbon atom
C(10) has the highest positive (0.3880) charge when compared with all other ring carbon

Figure 9. Molecular surface images of BDP.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 T

ow
n 

L
ib

ra
ry

 o
f 

Sh
en

zh
en

] 
at

 0
4:

17
 0

2 
Ja

nu
ar

y 
20

16
 



262 S. Senthan et al.

Figure 10. Mulliken atomic charge representation of BDP.

atoms (Fig. 10). From the listed tabulated values (Table 7) of atomic charge, the oxy-
gen at O11, O12, and O13 in BDP has a large negative charge and behaved as electron
donors and the rest of the atoms had positive charge and they are behaved as accep-
tor; suggest the presence of inter molecular hydrogen bonding interaction in the BDP
molecule.

3.10. HOMO–LUMO energy

The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital
(LUMO) of plots of BDP is shown in Fig. 11. The frontier orbital gap facilitates in
characterizing the chemical reactivity and kinetic stability of the molecule. The red and
green colors represent the positive and negative values for the wave function. The HOMO is
the orbital that primarily acts as an electron donor and the LUMO is the orbital that mainly
acts as an electron acceptor. The calculated HOMO–LUMO energy gap value is found to
be 3.826 eV (Table 5).

HOMO and LUMO energies, the energy gap, ionization potential (I), electron
affinity (A), electronegativity (χ ), average hardness (η), and softness (S) of the BDP
have been computed by B3LYP/6-31G(d,p) method and they are summarized in
Table 5. By the computed value of HOMO and LUMO energy values for the BDP,
the electronegativity, chemical hardness, and softness can be calculated as follows:
χ = I+A

2 (electronegativity), η = I−A
2 (chemical hardness), S = 1/2 η (chemical soft-

ness), where I (−EHOMO) and A (−ELUMO) are ionization potential and electron affinity
respectively [37].

4. Conclusions

In this article, we have reported synthesis and characterization of a novel dioxolane ring con-
taining organic crystal, 1-(benzo[d][1,3]dioxol-5-yl)-3-phenylprop-2-en-1-one. The prod-
uct formation was confirmed by FT–IR and single-crystal XRD analyses. The powder X-ray
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Table 7. Mulliken atomic charges of BDP.

Atom No. Atoms Atomic charge/e

1 H 0.12871
2 C −0.13235
3 C −0.13032
4 C 0.024465
5 C 0.314464
6 C 0.330383
7 C −0.12872
8 H 0.093722
9 H 0.104837

10 C 0.388207
11 O −0.49334
12 O −0.53872
13 O −0.53517
14 C 0.287749
15 H 0.126954
16 H 0.121913
17 C −0.15609
18 H 0.089961
19 C −0.09887
20 H 0.089631
21 C 0.118975
22 C −0.07801
23 C −0.11464
24 C −0.12788
25 C −0.08914
26 C −0.09449
27 H 0.145266
28 H 0.084339
29 H 0.087528
30 H 0.09174
31 H 0.088911

diffraction study shows the good crystallinity of the material. Thermal stability was analyzed
by TG/DTA study. Good transmission in the visible region is observed and the computed
UV-vis spectrum shows that the excitations at 380, 369, and 318 nm, respectively. The-
oretically calculated vibrational harmonic frequencies are compared with experimentally
recorded spectrum. Molecular level nonlinearity with high first-order molecular hyperpo-
larizability is observed. The calculated HOMO and LUMO energies showed that charge
transfer had occurred within the molecule. Molecular electrostatic potential map diagram
shows that the negative potential sites are in electronegative atoms (denoted as red color)
while the positive potential sites are around the hydrogen atoms (denoted as blue color).
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Figure 11. The frontier molecular orbital diagram of BDP.

Supplementary Material

CCDC 980067 contains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallographic Data Centre via
www.ccdc.cam.ac.uk/data request/cif.
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