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Summary: In the present work, we synthesized Ethyl-4-[N,N-bis (p-toluene sulfonyl)amino]benzoate
crystal and structurally characterized by X-ray diffraction (XRD) method. The optimized geometry and
vibration wave numbers of the compound investigated was obtained by performing density functional
theory (DFT) computations at the M06-2X level of theory and with the 6-311+G(d,p) basis set. The
DFT findings show good agreement with the experimental XRD data. Natural bond orbital (NBO) study
was performed at the M06-2X/6-311+G(d,p) level to find the stability due to charge delocalization and
hyperconjugative interactions. Charge transfer properties and chemical activities at different sites of the
synthesized compound was quantitatively determined by performing frontier molecular orbital (FMO)
analysis and molecular electrostatic potential (MEP) surfaces at the M06-2X level of theory with 6-
311+G(d,p) basis set. The global reactivity parameters were explored with use of the energy of the
FMOs. These descriptors predicted the stability of the investigated molecule by revealing the larger
hardness and less softness values. Nonlinear optical (NLO) properties was computed at the M06-2X
level of theory and 6-311+G(d,p) basis set combination which is observed larger as compared to the

urea molecule indicating the considerable NLO character.

Keywords: Bissulphonylation, X-ray diffraction, Density Functional Theory, Natural Bond Orbital
analysis, Frontier Molecular Orbital, Nonlinear optical properties.

Introduction

The immense biological activities of
sulphonamides make them a target of choice for the
synthetic chemists. In medicinal chemistry and drug
industry, importance of sulphonamides has not been
ignored [1-3]. They are the first active
chemotherapeutic agents used to prevent and cure the
bacterial infections in human [4-7]. They exhibit
antibacterial, antimicrobial, antiviral, anti-
inflammatory [8], anti-cancer [9-11] activities and are
also used as HIV protease inhibitors [12]. The
hypoglycemic, diuretics [13] and anti-metabolite [14]
activities of sulphonyl derivatives are also reported.
In organic synthesis, aryl sulfonyl halides are used as
protecting groups for alcohols and amines due to
their ease of formation and high stability [15].
Sulphonamides are usually synthesized by the
reaction of primary or secondary amines or ammonia
with sulphonyl halides under basic conditions [16]. It
is difficult to synthesize bis-sulphonamides due to the
steric hindrance of phenyl groups of sulphonyl

moiety. In an attempt to make the sulphonylation of
4-amino-benzoate, we obtained the product with
relatively higher Rs value and initial characterization
suggested by the possibility of bis-sulphonylation,
which was confirmed by the crystal structure of the
compound investigated.

Variety of conjugated organic materials to
be used in optical devices has been synthesized with
large optical linearities [17-20]. Telecommunication
requires high nonlinear optical (NLO) materials for
electro-optical switching elements and information
processing. In optical fibers, the electrons of metallic
conductor are replaced by photons now. The capacity
of multi wavelength optical communication increases
by order of magnitudes of an optical network as
compared to the electronic communication. In the last
twenty years, plenty of conjugated organic
organometallics and inorganic molecules have been
studied to find out suitable NLO materials [21-23].
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From literature survey, it reveals that the
experimental and DFT computations of the
synthesized molecule have not been reported so far.
Therefore, In this paper, synthesis and crystal
structure of the Ethyl  4-[N,N-bis(p-toluene
sulfonyl)]Jaminobenzoate (scheme 1) was examined.
The synthesized compound was characterized
through X-ray single crystal study and subjected to
DFT studies to explore more about geometry and
electronic properties. For the prediction of molecular
properties, frontier molecular orbital (FMO) analysis
was carried out. Natural bond orbital (NBO) analysis
was performed to investigate the bond strength, shift
in charge and stability of the molecule. Dipole
moment,  polarizability,  first and  second
hyperpolarizability of the synthesized molecule has
been calculated to show nonlinear optical (NLO)
properties. Molecular electrostatic potential (MEP)
surfaces were investigated for the estimation of
nucleophilic as well as electrophilic sites of the
synthesized molecule. Furthermore, thermodynamic
parameters calculations have been performed to study
the wvariations in thermodynamic functions as a
function of temperature.

Experimental
Reagents and instrumentation

All reagents used were of high purity grade
and used without further purification. Ethyl 4-
aminobenzoate and p-toluenesulphonyl chloride were
products of Merck, Germany. The completion of the
reaction was observed by thin layer chromatography
(TLC) using pre-coated silica gel 60HF254aluminum
sheet. Gallen Kemp melting point apparatus was used
to determine the melting point and is uncorrected.
The crystal structure was determined using Bruker
Kappa APEX Il CCD diffractometer.

Synthesis of Ethyl 4-[N,N-bis(p-
toluenesulfonyl)]Jaminobenzoate
Dichloromethane (15mL), ethyl4-

aminobenzoate (0.001 moles) and triethylamine
(TEA) (0.003moles, 3eq) were added in a round
bottomed flask and reaction mixture was stirred at
0°C for nearly 15 minutes. Then, solution of p-
toluenesulphonyl chloride (0.0015 moles,
dichloromethane 10mL) was added drop wise to the
reaction mixture and the resulting mixture was
allowed to reflux for 5 hours. The reaction was
monitored by TLC at regular intervals. After
completion, reaction mixture was added into ice cold
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water and neutralized by adding 2N HCI. The crude
product obtained was washed with ammonium
chloride solution (3x 20mL) to remove unreacted
amine. The combined organic layers were
concentrated on rotary evaporator followed by re-
crystallization from methanol to get pure product.
Yield: 85%, m.p: 210-212°C.
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Scheme-1: Synthesis of  ethyl  4-[N,N-bis(p-
toluenesulfonyl)amino]benzoate.

Computational procedure

All the computational calculations were
performed on the base of DFT [24] utilizing the
Gaussian 09 program [25]. From crystal structure, the
initial geometry of the synthesized compound was
obtained. The geometry was fully optimized at M06-
2X level applying the 6-311+G(d,p) basis set without
any symmetry restriction. Subsequently, the obtained
positive frequencies make clear that the geometry
was entirely optimized and corresponds to the true
minimum in the potential energy surface. FMOs,
NBO, NLO and MEP analysis were also performed
using MO06-2X/6-311+G(d,p) level of theory. The
Avogadro [26], ChemCraft [27] and GaussView 5.0
[28] programs were employed to organize input files
and interpret the output files results.

Results and Discussion
XRD study

The single crystal of the synthesized
compound was verified using Bruker Kappa APEX Il
CCD diffractometer with a graphite monochromator
MoKo radiation (A = 0.71073 A) at room
temperature. Several different programs like, SAINT
and APEX 2were used for cell refinement, data
reduction and data collection [29]. SHELXS97
program was used to solve the structure and for the
structural refinement [30]. For molecular graphics
ORTEP-3 for Windows [31], Mercury 3.6 programe
and PLATON were used [32].
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Table-1: Single  crystal XRD  parameters  of
synthesized molecule.
Crystal data SHELX
Chemical formula C23H23NO6S2
My 473.54
Crystal system, space group Monoclinic, P21/n
Temperature (K) 296
ab.c(A) 12.8788 (12), 15(.(2))426 (15), 23.753
B ) 98.511 (4)
V(A3 4551.0 (8)
z 8
Radiation type Mo Ka
u (mm1) 0.27

Crystal size (mm) 0.40 x 0.22 x 0.20

Data collection

Diffractometer ?
Absorption correction -
No. of measured, independent

and 26168, 9812, 4994
observed [I > 26(1)] reflections
Rint 0.046
(sin 0/} max (A7) 0.639
Refinement
R[F? > 26(F?)], wR(F?), S 0.061, 0.196, 0.99
No. of reflections 9812
No. of parameters 583

H-atom treatment H-atom parameters constrained
Apmax, Apmin (€ A™) 0.35,-0.34

Computer programs: SHELXL2014/7 (Sheldrick, 2014).

In the synthesized compound, two
independent molecules make the asymmetric unit.
The two molecules differ each other geometrically. In
the first molecule, the aniline moiety A (C4-C9/N1),
toluene groups B (C10-C16) and C (C17-C23) are
planar with r. m. s. deviations of 0.0257, 0.0165 and
0.0047 A, respectively. 29.86(11)°, 35.75 (9)° and
41.91 (8)° are the dihedral angle among A/B, A/C and
B/C respectively. The sulfonyl groups D (S1/03/04)
and E (S2/05/06) are of course planar. The dihedral
angle of these sulfonyl groups with adjacent toluene
groups i.e B/D and C/E is 42.79 (19)° and 51.75
(16)°, respectively. In the second molecule, the
aniline moiety F (C4-C9/N1), toluene groups G
(C10-C16) and H (C17-C23) are planar with r. m. s.
deviations of 0.0394, 0.0047 and 0.0108 A,
respectively. 26.42(8)°, 35.04 (11)° and 39.00 (10)°
are the dihedral angle among F/G, F/H and G/H
respectively. The sulfonyl groups I (S3/09/010) and
J (S4/011/012) are of course planar. The dihedral
angle of these sulfonyl groups with adjacent toluene
groups i.e G/l and H/J is 20.22 (17)° and 45.14 (17)°,
respectively. Moreover the ethyl formate moieties
attached to anilinic groups behave differently, one is
planar and the other is not. The molecules are mainly
stabilized due to van der waals forces. The
projectional diagram along the a-axis is shown
below.
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Fig. 1: Projection diagram along a-axis.
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The asymmetric unit of the synthesized
compound with thermal ellipsoids at 50 %
probability level. The H-atoms are drawn as
small circles of arbitrary radii.
Computational and
structure

optimization geometrical

Both structures attained from XRD analysis
and through geometrical optimization at the at the
DFT/M06-2X/6-311+G(d,p) level have been
displayed in Fig. 2 and 3.
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Fig. 3: Optimized geometry of  synthesized
molecule M06-2X /6-311+G(d,p) level.

The comparison of calculated bond lengths
and bond angles obtained from DFT and XRD studies
have been presented in Table-2 which illustrate that the
XRD and DFT calculated bond lengths and bond angles
are associated adequately. These bond lengths and bond
angles were deviated in the range of 0.24 + 0.02 A and
3° + 2° respectively. The maximum deviation in the
bond length 0.241 A was observed for C(10)-C(11)
while 2.6° deviation in the bond angle was found in
0O(6)-S(1)-N(9). Both DFT and XRD calculated bond
lengths of the C-C bond in the benzene ring of
synthesized molecule were observed in the range of
1.384-1.395A and 1.365-1.385 A respectively. These
ranges are smaller than the C-C (1.540 A) and larger
than the C=C (1.340 A) bond lengths [33]. The bond
length between carbon and oxygen atoms calculated
through DFT is calculated to be 1.339A and 1.203A for
0(3)-C(12) and O(4)-C(12) respectively, while XRD
calculated bond length for O(3)-C(12) and O(4)-C(12) is
observed as 1.313A and 1.188A respectively.
Divergence in bond length for S(1)-O(5), S(1)-O(6),
S(2)-O(7) and S(2)-O(8) is observed as 1.433, 1.432,
1.434 and 1.433A through DFT while XRD calculations
give deviation as 1.421, 1414, 1421 and 1.414A
respectively. The calculated bond angles tabulated in
Table-2 between O(5)-S(1)-O(6) and O(7)-S(2)-O(8) of
SO, are observed at 121.8, 121.6° (DFT) and 120.5,
120.5° (EXP) respectively. Similarly the bond angle in
the CO, molecule between O(3)-C(12)-O(4) is found to
be 123.7° (DFT) and 123.2° (EXP). The bond angle of
the bridge S(1)-N(9)-S(2) that connect the benzene rings
is identified as 121.4° (DFT) and 122.7°(EXP)
respectively. Comparative analysis of the geometric data
of the investigated molecule indicates that, except for
few exceptions, experimentally determined parameters
illustrate good agreement with the all computed
parameters.
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Table-2: Comparison of selected bond lengths (A),
angles (°) using MO06-2X/6-311+G(d,p) and X-ray
diffraction method.
Bond length (A") MO06-2X

XRD Bondangle (°) M06-2X XRD

R(1-5) 1.433 1.421 A(5-1-6) 121.8 120.5
R(1-6) 1.432 1414 A(5-1-9) 1052 1034
R(1-9) 1.695 1.690 A(5-1-19) 108.2 109.5
R(1-19) 1.761 1.738 A(6-1-9) 106.1  108.7
R(2-7) 1.434 1.421 A(6-1-19) 1099  109.0
R(2-8) 1.433 1414 A(9-1-19) 1040 1045
R(2-9) 1.706 1.665 A(1-9-2) 1214 1227
R(2-26) 1.761 1.728 A(1-9-16) 1181 1194
R(3-11) 1.438 1.455 A(1-19-20) 118.9 120.5
R(3-12) 1.339 1.313 A(1-19-24) 1194 119.1
R(4-12) 1.203 1.188 A(7-2-8) 1216 1205
R(9-16) 1.433 1.437 A(7-2-9) 1041 1058
R(10-11) 1514 1.273 A(7-2-26) 108.6 108.4
R(12-13) 1.492 1.481 A(8-2-9) 108.1 106.6
R(13-14) 1.392 1.390 A(8-2-26) 109.4 110.3
R(13-18) 1.392 1.373 A(9-2-26) 103.5 103.9
R(14-15) 1.385 1.369 A(2-9-16) 1194 1172
R(15-16) 1.388 1.367 A(2-26-27) 1184 1195
R(16-17) 1.390 1.385 A(2-26-31) 119.9 120.5
R(17-18) 1.384 1.374 A(11-3-12) 116.0 116.5
R(19-20) 1.388 1.377 A(3-11-10) 111.2 113.6
R(19-24) 1.388 1.383 A(3-12-4) 123.7 123.2
R(20-21) 1.386 1.368 A(3-12-13) 1126 1127
R(21-22) 1.394 1.376 A(4-12-13) 123.7 1241
R(22-23) 1.395 1.380 A(9-16-15) 119.0 120.2
R(22-25) 1.504 1511 A(9-16-17) 119.9 119.2
R(23-24) 1.385 1.367 A(12-13-14) 122.0 122.1
R(26-27) 1.388 1.377 A(12-13-18) 117.6 118.1
R(26-31) 1.386 1.379 A(14-13-18) 1204 119.8
R(27-28) 1.385 1.363 A(13-14-15) 119.8 119.9
R(28-29) 1.394 1.373 A(13-18-17) 120.0 120.1
R(29-30) 1.394 1.371 A(14-15-16) 119.5 120.1
R(29-32) 1.504 1501 A(15-16-17) 121.1 120.4
R(30-31) 1.385 1.365 A(16-17-18) 119.3 119.6
A(20-19-24) 121.7 120.4
A(19-20-21) 118.7 119.5
A(19-24-23) 118.6 119.0
A(20-21-22) 121.0 121.0
A(21-22-23) 118.8 118.7
A(21-22-25) 120.6 120.9
A(23-22-25) 1206 1204
A(22-23-24) 1212 1213
A(27-26-31)  121.8  119.9
A(26-27-28) 1188  119.2
A(26-31-30) 1185  119.6
A(27-28-29) 1209  121.8
A(28-29-30) 1188 1182
A(28-29-32) 120.7 120.8
A(30-29-32) 1205  121.0
A(29-30-31) 1212 1213
NBO analysis

NBO analysis is an efficient technique that
effectively describes the delocalization of electron
density and intramolecular rehybridization. It offers
suitable foundations to study intramolecular
hydrogen bonding and charge transfer among the
filled and vacant orbitals by second order Fock
matrix [34, 35]. Hence NBO analysis were carried
out at the M06-2X level of theory and with the 6—
311+G(d,p) basis set by taking into account all
probable interactions among donor to acceptor using
second-order Fock matrix [36] equation given in the
supplementary material and the possible intensive
interactions are given in Table-3.
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Table-3: Natural bond orbital (NBO) analysis using second-order perturbation theory.

Donor(i) Type Acceptor(j) Type E(2)2 [kd/mol] E()-E(i)°[a.u] F(i,j)c [a.u]
C18-C19 w Cc21-C23 w* 29.46 0.35 0.091
C18-C19 w C24-C26 w* 31.81 0.31 0.090
Cc21-C23 w C24-C26 w* 29.43 0.31 0.087
C24 -C26 T C21-C23 w* 30.69 0.35 0.091
C28-C29 n C31-C33 w* 23.54 0.39 0.086
C28-C36 [y C31-H32 o* 35.83 0.17 0.070
C31-C33 T C34 -C36 w* 12.31 0.75 0.087
C33-C34 [y C31-H32 o* 16.30 0.14 0.043
C34 -C36 T C31-C33 w* 32.35 0.36 0.096
C42 - C43 n C45 - C47 w* 24.67 0.35 0.084
C45 - C47 [y S1-N9 o* 24.68 0.44 0.100
C45 - C47 [y C31-H32 o* 213.21 0.15 0.159
C45 - C47 n C42 -C43 w* 40.07 0.33 0.103
C47 -C48 ° C31-H32 o* 247.27 0.14 0.176
C10-H11 [y 03-C14 o* 0.56 0.89 0.020
C48 - C50 n C45 - C47 w* 3321 0.33 0.094
04 -C17 n C45 - C47 w* 3321 0.33 0.094
C52 - H53 [y S1-N9 o* 292.16 0.23 0.251
C52 - H53 [y 04 -C17 o* 73.49 0.89 0.229
C52 - H53 [y C28-C29 w* 512.34 0.14 0.263
C52 — H54 [y S1-N9 o* 303.01 0.23 0.253
C52 — H54 [y C28-C29 w* 528.12 0.13 0.264
C52 — H55 [y S1-N9 o* 1458.51 0.13 0.351
C52 — H55 c 04 -N17 o* 223.39 0.79 0.376
C52 — H55 c C28-C29 w* 5344.29 0.04 0.435

03 LP(2) 04-C17 7 57.43 0.44 0.144
04 LP(2) 03-C17 o* 38.21 0.77 0.155
04 LP(2) C17-C18 o* 20.50 0.82 0.118
05 LP(2) S1-N9 o* 127.11 0.03 0.053
05 LP(3) S1-N9 o* 843.10 0.02 0.109
06 LP(2) S1-N9 o* 203.39 0.03 0.067
06 LP(3) S1-N9 o* 643.26 0.02 0.101
o7 LP(2) S2-N9 o* 43.75 0.38 0.118
08 LP(2) S2-C42 o* 21.05 0.56 0.097
08 LP(3) S2-N9 o* 32.08 0.38 0.101
08 LP(3) S2-N9 o* 32.08 0.38 0.101

3energy of hyper conjugative interaction (stabilization energy).
b Energy difference between donor and acceptor i and j NBO orbital.
°Fock matrix element between i and j NBO orbital.

The most credible transitions takes place in our
studied systems is o(C52-H55)—n*(C28-C29) with
stabilization energy value 5344.29 kJ/mol. This is the
substantial stabilization energy value observed in the
synthesized molecule (Table-3). On the other hand,
o(C10-H11)—0*(03-C14) transition indicates the weak
interaction between donor (o) and acceptor (6¥*) due to
their least stabilization energy value 0.56 kJ/mol. The
occurrence of conjugation can be judged with the
examination of m—7* interactions. Some important
transitions that represent conjugation in investigated
molecule are m(C18-C19)—n*(C24-C26), m(C21-
C23)—n*(C24-C26), n(C24-C26)—n*(C21-C23),
1(C28-C29)— n*(C31-C33), © (C34-C36)— m*(C31-
C33), n(C42-C43)— m*(C45-C37) and n(C48-C50)—
*(C45-C47) which led to the stabilization energies are
found to be 31.81, 29.43, 30.69, 23.54, 32.35, 24.67 and
33.21 kJ mol? respectively (Table-3). Some other
transition involving large stabilization energies are
o(C52-H55)— 7*(S1-N9), o(C52-H53)—c*(S1-N9),
o(C52-H53)—0*(04-C17), o(C52-H53)— x*(C28-
C29), o(C52-H54)— o*(S1-N9), o (C52-H54)—
n*(C28-C29 and o(C52-H55)— o*(04-N17) with
energy values 1458.51, 292.16, 73.49, 512.34, 303.01,
528.12, and 223.39 kJ/mol respectively. In case of the
resonance, the massive stabilization energy values for

the transition LP(O5)—c*(S1-N9) is 843.10 kJ/mol
respectively. Furthermore, some transitions such as
LP(06)—c*(S1-N9), LP(06)—c*(S1-N9) and
LP(05)—c*(S1-N9) also contain large stabilization
energy values 643.26, 203.39, and 127.11 kJ/mol
respectively (Table-3). From above discussion, it is
apparent that extended conjugation is present in the
synthesized molecule. Intra-molecular charge transfer
generates strong intra-molecular hyper conjugative
interactions which leads to the stabilization of
compound investigated.

FMO analysis

FMO analysis have been considered excellent
in predicting the chemical stability of the molecules
under investigation [37]. The lowest unoccupied
molecular orbital (LUMO) and highest occupied
molecular orbital (HOMO) are very important quantum
orbitals. Usually, the LUMO expresses the capacity of
accepting an electron while HOMO denotes the electron
donation ability [38]. The HOMO-LUMO energy gap is
an important parameter for predicting the chemical
reactivity and dynamic stability of molecules [39] In
order to have photophysical insight of the synthesized
molecule, HOMO and LUMO levels and their energies
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are calculated using M06-2X/6-311+G(d,p) method and
energies are shown in Table-4.

Table-4: Computed energy values for the synthesized
molecule in gas phase.

MO(s) E (eV) AE (eV)
oo i
LOMO-1 o1 8055
LoMOs2 0268
LoMOs3 o071 B47
E= energy, AE (eV) = ELumo-EHomo
Four significant molecular orbital pairs

HOMO, LUMO as well as HOMO-1, LUMO+1,
HOMO-2, LUMO+2 and HOMO-3, LUMO+3 were
explored and their calculated energy values obtained -
8.395, -0.983, -8.676, -0.621, -8.810, -0.268 , -8.818 and
-0.071 (eV) respectively. The contour surfaces of these
FMOs are exposed in Fig. 4 with energy gap values
observed 7.412, 8.055, 8.542 and 8.747 eV (see Table-4
and Fig. 4).

Molecules with higher energy gap (Eumo-
Eromo) are considered to be chemically hard molecules
with higher kinetic stability and less chemical reactivity.
In contrast, more stable, less reactive and soft molecules
are those having small (ELumo-Eromo) frontier orbital
energy gap. The energies and frontier orbital gap of
HOMO-LUMO contribute vital part in the estimation of
internal charge transfer (ICT), chemical reactivity and
stability of the systems by predicting global reactivity
descriptors [40-43]. Global reactivity parameter like
electro negativity (X), electrophilicity index (w),
chemical potential («), global softness (S), ionization
potential (IP), global hardness (1) and electron affinity
(EA) are calculated using equations given in the
supplementary material and results are expressed in
Table-5.

Due to the electron donating and accepting
ability of HOMO and LUMO, these are directly related
to the ionization potential and electron affinity
respectively. Table-5 shows that the ionization potential
value of compound investigated is much higher than the
electron affinity value which indicate that the
synthesized molecule might act as better donor
molecule. Electron affinity value was found positive
which indicate that the synthesized molecule might
participate in charge transfer reactions. Electronegativity
value of the synthesized compound was found to be
4.689. The electrophilicity index is often used to
measure the lowering of energy because of maximum
electron flow among HOMO and LUMO. The
electrophilicity index of our compound was found to be
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2.96. The global hardness value of the synthesized
molecule was found to be 3.706 (eV) which is 28 times
greater than the global softness (S) value 0.1314(eV).
The greater hardness value as compared to the softness
value is due to large Exomo—ELumo energy difference.
Therefore, the synthesized compound has high chemical
stability. These findings suggest that the synthesized
molecule is a hard and stable molecule with better
donating capabilities.

Table-5: lonization potential (IP), electron affinity

(EA), electro negativity (X) chemical potential (u)

global hardness (i) global softness (S) and global

electrophilicity ().
A

B C D
1(eV) 8.395 8.676 8.81 8.818
A@EV) 0.983 0.621 0.268 0.071
X (eV) 4689 4.6485 4539 4.4445
u (eV) -4.689 -4.6485 -4.539 -4.4445
7 (V) 3.706 4.0275 4271 4.3735
S (eV) 0.134916 0.124146 0117069  0.114325
o (eV) 2.966368 2.682626 2411908 2.258326

A= HOMO & LUMO; B= HOMO-1& LUMO+1; C= HOMO-2 &
LUMO+2; D= HOMO-3 & LUMO+3

Nonlinear optical (NLO) properties

At the present time, nonlinear optical (NLO)
materials based on organic compounds have gained
mounting attention by scientists due to their facile
synthesis, low price, easy fabrication, structural
modifications and their diverse applications in
photonics, electronics, optoelectronic technologies
and especially in nonlinear optics [44, 45]. The
structure of organic compounds showing NLO
behavior is recognized on the basis of asymmetric
polarization. It is directed by substitution of suitable
electron contributor and withdrawing units on
appropriate position. The NLO behavior is increased
by enhancing the electron withdrawing and
contributor group’s effectiveness connected to the n-
conjugated system [46, 47] . NLO properties of the
investigated molecule have been studied in gas phase
at the M06-2X/6-311+G(d,p) level.

Average polarizability, first
hyperpolarizability (Bror) and second
hyperpolarizability (y) is calculated using following
equation 1-3 and results are given in Table-6.

<a>=1l3(ay+ay, +a,) @)

Box =B+ oy + B + By + B B + B+ B+ )"
@

<Y> = %(Yxxxx + Yyyyy + Yzzzz + 2[Yxxyy + Yyyzz + Yxxzz])
@)
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LUMO LUMO+1

AE =7.412 eV AE = 8.055 eV

|
HOMO HOMO-1
LUMO+2

LUMO+3

AE = 8.542 eV AE = 8.747 eV

! e

AR HOMO-3

Fig. 4: Frontier molecular orbitals of the synthesized molecule.

Table-6: The dipole moment, polarizability, first and second hyperpolarizability values calculated at M06-2x/6-

311+G (d, p).
m -0.7563 Boo ‘11238 Pooo 117045324
by -10700 Boy 127181 oy -8095.0889
e -14382 B 212771 ez -1599.3271
Moo 19456 By 47.8623 Pooy -3008.5617
e -182.0422 By -132.7262 s -2497.2849
ayy -157.1987 B -3.7284 Py -1815.6672
-28

. -219.0088 Bz -1.3037 710 2.0
ay 85901 B -79.4752

P 45320 B 121663

ay. 9.8981 B 106141

Prot
ax 10230 -2.76 x 103 1.01

(esu)
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The dipole moment for the synthesized
molecule was found to be 1.9456 (D). Total dipole
polarizability was observed as -2.76 x 102 (esu).
First hyperpolarizability tensors were observed -
1.1238, 47.8623 and -1.3937 a.u along X, y and z-axis
respectively (Table-6). So the first
hyperpolarizability tensor along y-axis (with positive
direction) is found larger than the first
hyperpolarizability tensors along x and z-axis (with
negative  directions) respectively. Total first
hyperpolarizability value was examined as 1.01 x 10
30 (esu). On comparing our results with standard urea
molecule [48, 49], the total dipole moment of the
synthesized molecule was observed 1.42 times larger
than the urea dipole moment (1.3732D). First
hyperpolarizability was observed 2.72 times greater
than the urea (=0.372x107° esu). This greater value
of first order hyperpolarizability is because of the
presence of weakly activating two methyl groups and
one ethyl group attached to the benzene ring directly
and through CO2 molecule respectively. The second
hyperpolarizability tensor along x direction was
found to be -11704.5324 which are higher than their
y and z directions (Table-6). The total second
hyperpolarizability value of the synthesized molecule
is examined at -2.10 x 102 esu. From above
discussion, it is apparent that the synthesized
molecule shows the evidence of tunable NLO
performance and may have potential applications in
the development of NLO materials.

Molecular electrostatic potential (MEP)

MEP is a thoroughly defined expectation
quantity which is used to draw the three dimensional
plot of total electron density. MEP is well-known for
its role in terms of describing the reactivity of a
chemical system by forecasting various nucleophilic
and electrophilic sites in target molecule [50]. During
MEP mapping, two basic regions red and blue appear
which correspond to the extreme value of
electrostatic potential. The nucleophilic site with
positive potential is indicated by blue color, while
negative potential site favored for electrophilic attack
is indicated by red. Electrostatic potential is
enhanced in the order of red < orange < yellow <
green < blue [51]. To anticipate the electrostatic
potential areas and physiochemical features of the
investigated molecule, DFT computations were
executed on the optimized geometry by MO06-2X/6-
311+G(d,p) level of theory and pictographic display
is shown in Fig. 5.

From Fig. 5, it can be seen that the most
negative potential region red is located over oxygen
atom. Thus oxygen atom of SO, and CO; group is the
most favorable site for electrophilic attack in
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synthesized molecule. On the other hand, blue color
is mostly positioned over carbon and hydrogen atoms
which imply that nucleophile will preferably attack
on these sites. The average of the two extreme value
of electrostatic potential (red and blue) is represented
by green region which is confined over hydrogen
atoms. The locations of halfway potential between
the extremes (red and blue) and mean (green) is
indicated by yellow color and located over S atom in
synthesized molecule.

Fig. 5. Electrostatic potential mapping on the
electron density (iso value = 0.02)

Thermodynamic parameters

The connection among the standard
statistical thermodynamic functions like temperature,
molar entropy, enthalpy, and heat capacity were
studied at 100-1000 K using MO06-2X/6311+g(d,p)
level of theory in gas phase and results are tabulated
in Table-7.

Table-7: Thermodynamic parameters with various
temperatures.

0
T (K) Sin 'Cg,m H E:—;

(J/mol K) (J/mol.K) (kJ/mol)
100 523.43 220.21 14.02
200 718.82 358.91 43.00
298 887.66 496.02 84.95
300 890.74 498.58 85.87
400 1052.55 629.93 142.44
500 1205.47 741.05 211.17
600 1348.82 830.92 289.93
700 1482.54 903.4 376.77
800 1607.17 962.63 470.17
900 1723.47 1011.72 568.96
1000 1832.26 1052.91 672.25

Molecular  energies  produced  form

translational, rotational and vibrational motion of the
molecules is transformed into standard heat
capacities, entropies and enthalpy changes. Table-7
indicates that at any temperature from 100.00 to
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1000.00 K, standard enthalpy, heat capacities and
entropy changes also increases due to increase in the
intensity of the molecular vibration. The correlations
graphs are displayed in Fig. 6. These acquired
thermodynamic properties data provide supportive
information for further study on the synthesized
molecule.

200
1800

—s=—FEntropy
—s—Heat capacity
—a—Enthalpy

Thermodynamic Parameters
o]
o
o

200 400 600 800 1000

Fig. 6: Graphical representation of thermodynamic
parameters with various temperatures.

Conclusions

In the present work, experimental conditions
for the synthesis of Ethyl 4-[N,N-bis(p-
toluenesulfonyl)Jamino-benzoate have been
disclosed. The characterization of the chemical
structure  was carried out through X-ray
crystallographic technique. The XRD studies suggest
that the crystal structure is of monoclinic shape with
space group P21/n. Good correspondence is found
between XRD crystal structure and DFT optimized
structures data. NBO probe explored stronger hyper
conjugative interactions which are mainly responsible
for the stability of the derivatives. The NBO analysis
revealed that the o(C52-H55) and LP(3)O5
interaction gives the strongest stabilization to the
molecule. The greater values of the calculated dipole
moment and first order hyperpolarizability from the
reference  molecule (urea) indicate that the
investigated molecule show the evidence of
promising NLO performance and may have potential
applications in the development of NLO materials.
The global reactivity parameters indicated the larger
hardness and less softness values. These findings
reveal that the molecule might be stable. The MEP
map shows that the negative potential sites are
located on electronegative oxygen atom while the
positive potential sites are found around the hydrogen
atoms. The connection among the standard statistical
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thermodynamic functions and temperature reveals
that the entropies, standard heat capacities and
enthalpy changes increase with temperature because
of increase in the intensity of the molecular vibration.
Hence, we believe that this study reveals the
interesting electronic properties of the synthesized
molecule, which will be useful to experimental and
theoretical details of further studies.
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