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The FTIR and FT Raman vibrational analysis and the fundamental modes of N-((3-methyl-1-(phenylsulfonyl)-1H-indol-
2-yl)methyl) acetamide [N3MP2MA] have been carried out. On the basis of quantum chemical calculations in B3LYP/6-
31G(d,p) and B3LYP/6-311++G(d,p) levels the geometric parameters, vibrational analysis have been obtained. The
experimental vibrational data have been compared with the wavenumbers derived theoretically. The intramolecular contacts
have been interpreted using natural bond orbital (NBO) and natural localized molecular orbital (NLMO) analysis. Important
non-linear properties such as electric dipole moment and first hyperpolarizability of N3MP2MA have been computed using
B3LYP quantum chemical calculations. Finally, the HOMO-LUMO energy gap and the Mulliken population analysis on

atomic charges of the title compound has been calculated.

Keywords: N3MP2MA, Potential energy distribution, Natural bond orbital, Natural localized molecular orbital, MEP

1 Introduction

The title compound CjgHigN,O3S, that has a
phenylsulfonyl ring and phenylthio ring make
dihedral angles with an indole unit. Indole derivatives
are found to exhibit antibacterial, antifungal1 and anti-
tumour activities®. Some of the indole alkaloids
extracted from plants possess interesting cytotoxic,
anti-tumour or antiparasitic properties®. Pyrido
[1,2-a] indole derivatives have been identified as
potent inhibitors of human immune-deficiency virus
type 1, and 5-chloro-3-(phenylsulfonyl) indole-2-
carboxamide is reported® to be a highly potent non-
nucleoside inhibitor of HIV-1 reverse transcriptase’.
The interaction of phenylsulfonylindole with calf
thymus DNA has also been studied by spectroscopic
methods’. The XRD details and structural
identification work of the title compound was done by
Thenmozhi et al.® and no further work had been
carried out so far. With this background and in order
to obtain detailed information on molecular
conformations in the solid state, vibrational
spectroscopic  investigation and  assignments
using DFT techniques and electronic transitions of
N-((3-methyl-1-(phenylsulfonyl)-1H-indol-2-yl)
methyl)acetamide (N3MP2MA) were reported in this
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study. In the ground state, theoretical geometrical
parameters, IR and Raman spectra, HOMO and LUMO
energies of title molecule were calculated by using
Gaussian 03W program. Detailed interpretations of the
vibrational spectra of the N3MP2MA was made on the
basis of the calculated potential energy distribution
(PED). The experimental results (IR and Raman
spectra) were supported by the computed results,
comparing with experimental characterization data;
vibrational wavenumbers are in fairly good agreement
with the experimental results. The redistribution of
electron density (ED) in various bonding, antibonding
orbitals and E(2) energies have been calculated by
natural bond orbital (NBO)/natural localized molecular
orbital (NLMO) analysis to give clear evidence of
stabilization originating from the hyper conjugation of
various intra-molecular interactions. By analyzing the
density of states, the molecular orbital compositions
and their contributions to the chemical bonding were
studied. The study of HOMO, LUMO analysis was used
to elucidate information regarding charge transfer within
the molecule. Moreover, the Mulliken population
analyses of the title compound was calculated and the
results were reported. The experimental and theoretical
results supported each other and the calculations are
valuable for providing a reliable insight into the
vibrational spectra and molecular properties.
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2 Experimental

The compound N-((3-methyl-1-(phenylsulfonyl)-
1H-indol-2-yl)methyl)acetamide [N3MP2MA] was a
synthesized one and used as such to record the FTIR
and FT Raman spectra. The FTIR spectrum of the
compound is recorded in the region 4000 — 400 cm™
in evacuation mode on Bruker IFS 66V
spectrophotometer using KBr pellet technique (solid
phase) with 4.0 cm™ resolutions. The FT-Raman
spectrum of the compound is recorded in the same
instrument with FRA 106 Raman module equipped
with Nd: YAG laser source operating at 1.064um line
widths with 200 mwW power. The spectra are recorded in
the range of 3500-100 cm™* with scanning speed of 30
cm ' min™* of spectral width 2 cm ™. The wavenumbers
of all sharp bands are accurate to +1 cm™. The spectral
measurements were carried out at Sophisticated
Analytical Instrumentation Facility, lIT Chennai, India.

3 Computational Details

The primary task for the computational work was
to determine the optimized geometry of the compound
using Gaussian 03W software’. It was found that the
calculations could achieve convergence more rapidly
if the input data were closer to the experimental
values of the minimal energy points of the molecules.
Therefore the geometry optimization was started from
the X-ray experimental atomic positions. It is more
popular that in quantum chemical literation that the
hybrid B3LYP method based on Becke’s three
parameter functional of DFT vyields a good description
of harmonic vibrational wavenumbers for molecules™.
The geometry optimization was carried out using the
initial geometry generated from standard geometrical
parameters at B3LYP method with flexible basis sets
6-31G(d, p) and 6-311++G(d, p) level. The Cartesian
representation of the theoretical force constants were
computed at the fully optimized geometry. Harmonic
vibrational wavenumbers were calculated using
analytic second derivatives to confirm the
convergence to minima in the potential surface. The
calculated frequencies are scaled according to the
work of Rauhut and Pulay***? a scaling factor of
0.9631 for B3LYP/6-31G(d, p) and 0.967 for
B3LYP/6-311++G(d, p).

PED calculations which shows the relative
contribution of the redundant internal coordinates to
each normal vibrational mode of the molecule, and
thus enable us numerically to describe the character of
each mode were carried out by SQM method using
the output files generated at the end of the

calculations. The selective scaling procedure was
adopted according to SQM procedure in the natural
internal ~ coordinate  representation  **'*  the
transformation of force field; subsequent normal
coordinates analysis and calculation of the potential
energy distribution (PED) were done on a PC with the
MOLVIB program (version V7.0-G77) written by
Sundius™?’. By the use of GAUSSVIEW molecular
visualization program™ along with available related
molecules; the vibrational frequency assignments were
made by their PED with a high degree of confidence.
The PED elements provide a measure of each internal
coordinate’s contribution to the normal coordinates.

4 Results and Discussion
4.1 Molecular geometry

The most optimized geometry was studied and the
energies were carried out for N3MP2MA, using
B3LYP/6-311++G(d,p) method for various possible
conformational analysis. There are about twelve
conformers obtained for N-((3-methyl-1-(phenylsulfonyl)-
1H-indol-2-yl)methyl)acetamide  [N3MP2MA].  The
computationally predicted structures for various
possible conformers of N3MP2MA are shown in
Fig. 1. The total energies obtained for these
conformers are listed in Table 1. It is clear in Table 1,
the structure optimizations have shown that the
conformer C, have produced the global minimum
energy of 373.4454KJ/Cal. Therefore, C, form is the
most stable conformer than the other conformers. The
optimized molecular structure with the numbering of
atoms of the N3MP2MA is shown in Fig. 2. The most
optimized structural parameters of N3MP2MA
calculated by DFT-B3LYP level with the 6-31G(d,p)
and 6-311++G(d,p) basis set are listed in the Table 2
in accordance with the atom numbering scheme given
in Fig. 2. The optimized molecular structure of
N3MP2MA belongs to C; point group symmetry.
Table 2 compares the calculated bond lengths and
angles for N3MP2MA with those experimentally
available from literature value®. From the theoretical
values, we can find that most of the optimized bond
angles are slightly differ from the experimental
values, due to the theoretical calculations belong to
isolated molecules in gaseous phase and the
experimental results belong to molecules in solid
state. The theoretical values for the N3MP2MA
molecule were compared with the experimental
values by means of the root mean square deviation
values. Comparing the B3LYP/6-31G(d,p) and
B3LYP/6-311++G(d,p) methods most of the bond
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lengths and bond angles are the same in both the
methods. The inclusion of diffusion and polarization
functions is important to have a better agreement with
experimental geometry.

4.2 Vibrational assignments

The experimental and theoretical Infrared and
Raman spectra of N3MP2MA are shown in Figs 3 and
4, respectively. The molecule N3MP2MA consists of
42 atoms and expected to have 120 normal modes of
vibrations of the same A species under C; symmetry.
These modes are found to be IR and Raman active
suggesting that the molecule possesses a non-Centro
symmetric structure, which recommends the title

Table 1 — Total energies of different conformations of NSMP2MA
calculated at the B3LYP/6-311++G(d,p) level of theory

S No Conformers Energy (kJ/Mol)
1 C: 471.5669
2 C, 373.4454
3 Cs 404.4637
4 Cs4 552.4326
5 Cs 446.5727
6 Ce 2114.8229
7 C, 729.1603
8 Cs 2016.6872
9 Cy 549.5050
10 Cio 486.4546

Fig. 1 — Various possible conformers of N3MP2MA
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Fig.2 — Structure of N3MP2MA

compound for nonlinear optical applications. The
harmonic  vibrational modes calculated  for
N3MP2MA at B3LYP level using the 6-31G(d,p) and
6-311++G(d,p) basis set along with potential energy
distribution have been summarized in Table 3. The
observed FTIR and FT Raman bands for various
modes of vibrations of N3MP2MA are assigned and
are presented in the Table 3 along with the DFT data.
The force fields thus determined were used to
calculate the vibrational potential energy distribution
(PED) using the latest version of MOLVIB program™™’.
Calculations were made for a free molecule in
vacuum, while experiments were performed in solid
phase. Furthermore the anharmonicity is neglected in
real system for calculated vibrations and because of
the low IR and Raman intensity of some modes, it is
difficult to observe them in the IR and Raman spectra.
Thus, there are disagreements between calculated and
observed vibration wavenumbers. These discrepancies
were corrected either by computing anharmonic
corrections explicitly or by introducing a scaled field
or by directly scaling the calculated wavenumbers
with a proper factor. Considering the systematic
errors, the calculated wavenumbers are calibrated
with the scaling factors of 0.9631 for B3LYP/6-
31G(d, p) and 0.967 for B3LYP/6-311++G(d, p). In
order to reproduce the calculated frequencies, the
scale factors were refined and optimized via a least
squares refinement algorithm.

4.2.1 C-H Vibrations
The existence of one or more aromatic rings in a
structure is normally determined from C-H and C=C-

C ring related vibrations. In the aromatic compounds,
the carbon-hydrogen stretching vibrations™ normally
occur at 3250-3000 cm ' Heterocyclic compound
C-H vibration absorption bands are usually weak; in
many cases it is too weak for detection. The bands
due to C-H in-plane bending vibrations interact
somewhat with C—C stretching vibrations is observed
as a number of bands in the region 14501100 cm™".
The C-H out-of-plane bending vibrations'®® occur in
the region 900-667 cm ™. In this region the vibrations
are not found to be affected due to the nature and
position of the substituent’. In the present work, the
bands observed at 3103 cm?, 3079 cm™, 3067 cm?,
3056 cm™ and 3025 cm™, 2987 cm™, 2973 cm™ in the
N3MP2MA compound have been assigned to C-H
stretching vibration. Apart from the mentioned values
other vibrations in the same range are assigned to C-H
asymmetric and symmetric vibrations respectively.
The C-H bending vibrations appear at two distinct
regions 1480 - 1300 cm™ and 1100 — 900 cm™, due to in
plane and out of plane bending vibrations respectively?**,
The band position observed at 1460 cm™ and 1092 cm™
in experimental spectrum of N3MP2MA are assigned
to C-H in plane and out of plane bending vibrations.
The wavenumbers calculated through DFT techniques
are in good agreement with the experimental data.

4.2.2 C-N vibrations

Because of the mixing of several bands, the
identification of C-N stretching vibration is a very
difficult task in this region. Silverstein assigned C-N
stretching absorption in the region 1382 — 1266 cm™.
In the present work, the FT Raman band observed at
1310 cm™ in N3MP2MA has been designated to the
C-N stretching mode of vibration. These assignments
are made in accordance with the assignment proposed
by Bienko, Michalska et al.**. The C-N stretching
band assigned at 1319 cm? in 2,6-dibromo-4-
nitroaniline by Krishna Kumar®, Raja et al.”® have
identified the FTIR band at 1342 cm™ due to C-N in
theophylline. Gunasekaran et al.”” have observed the
C-N stretching band at 1312cm™ in benzocaine. The
calculated value at 1301 cm™ of N3MP2MA is in
excellent agreement with the observed value for the
corresponding mode of vibration.

4.2.3 C-C vibrations

The C-C aromatic stretching vibration gives rise
to characteristic bands in both the observed IR
and Raman spectra, covering the spectral range
from 1600 — 1400 cm™. The IR bands located at
1460, 1448, 1435 cm™and 1329 cm™; the Raman bands
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Table 2 — Molecular parameters of N3MP2MA

Molecular parameter (A) Experimental 6-31G(d,p) 6-311++G(d,p)
C:-C, 1.383 1.396 1.391
Cy-O4 1.227 1.229 1.228
Ci-Ny4 1.422 1.393 1.415
CyHys 0.930 1.093 0.992
CyHy 0.930 1.093 0.992
CyHy 0.930 1.093 0.992
N;-Cs 1.433 1.428 1.426
Ns-Hog 0.866 1.009 0.924
Cs-C; 1.397 1.413 1.408
Cs-Hyg 0.930 1.086 0.988
Cs-Hzo 0.930 1.097 0.988
Ne-C- 1.396 1.419 1.412
Ng-C14 1.396 1.413 1.412
C+Cg 1.354 1.367 1.363
Cg-Co 1.440 1.438 1.445
Ce-Cy 1.493 1.483 1.489
Co-Cio 1.392 1.401 1.393
Co-Cu4 1.392 1.415 1.397
C10-C1 1.388 1.387 1.390
Cio-Ha1 0.930 1.085 0.992
Cu-Cyp 1.392 1.407 1.402
Cu-Hap 0.930 1.086 0.992
C12-Cys 1.392 1.391 1.390
Cio-Has 0.980 1.086 0.992
C13-Cys 1.384 1.401 1.402
Cis-Hag 0.980 1.081 0.992
Ng-S15 1.669 1.741 1.723
S15-O16 1.422 1.429 1.426
S15-017 1.422 1.428 1.425
Si5-Cig 1.743 1.790 1.746
C15-Cio 1.392 1.397 1.395
C15-Cos 1.392 1.397 1.392
C19-C2o 1.388 1.394 1.390
Cio-Hss 0.980 1.083 1.105
Cx0-C2 1.388 1.397 1.397
Cx0-Has 0.980 1.085 0.992
Cxn-Cx 1.388 1.396 1.394
Cx-Hay 0.960 1.086 0.992
Cx»-Cys 1.386 1.395 1.394
Cx-Hag 0.960 1.085 0.992
Cas-Hag 0.960 1.086 0.992
Cas-Hao 0.980 1.083 0.992
Cas-Hap 0.980 1.083 0.992
Ca-Ha2 0.980 1.083 0.992
Bond angle (°)

C»C;-04 121.800 121.300 121.500
C»Ci-N, 110.600 113.300 113.200
C1-Cyp-Hys 109.500 111.900 110.300

(contd.)
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Table 2 — Molecular parameters of N3SMP2MA (contd.)

Molecular parameter (A) Experimental 6-31G(d,p) 6-311++G(d,p)
C1-Co-Hyg 109.500 108.600 110.600
C1-Co-Hyy 109.500 108.700 108.700
03-C1-Ny4 121.100 121.400 121.300
C1-N4-Cs 122.020 123.300 122.700
C1-Ng-Hyg 118.080 119.100 118.300
H,5-Co-Hog 109.500 109.000 109.100
Hy5-Co-Hy7 109.500 109.100 109.000
Ha6-Co-Hy7 109.500 109.700 109.100
Cs-Na-Hag 118.080 117.500 117.300
N,-Cs-C- 117.000 115.800 116.100
N4-Cs-Hyg 107.400 107.400 107.400
N,-Cs-Hzo 107.400 107.900 107.300
C;-Cs-Hayg 109.500 110.000 109.400
C;-Cs-Hgo 109.500 110.000 109.300
Cs-C;-Ng 126.500 126.900 126.900
Cs-C;-Cq 126.500 126.300 126.500
H,g-Cs-Hs 109.500 109.500 109.700
C;-Ng-C1s 107.600 107.900 107.400
Ng-C7-Cg 110.600 110.800 110.500
Ng-C14-Co 110.600 110.500 110.400
Ng-C14-C13 129.700 130.700 130.200
C,-Cg-Cy 112.300 110.700 111.600
C;-Cg-Cos 113.800 115.400 112.800
Cq-Cg-Cos 112.900 112.900 112.900
Cs-Co-Cyg 123.300 123.200 123.500
Cg-Co-Cis 115.900 116.100 116.100
Cs-Cys-Hag 111.400 112.592 111.865
Cg-Cos-Ha 110.900 112.043 111.872
Cg-Cos-Hap 112.300 112.686 111.915
C19-Co-Cis 119.400 120.700 120.400
Cg-C10-Cna 117.100 118.500 118.600
Cg-C1o-Ha1 119.400 119.800 119.400
Cg-C14-C3 119.100 119.800 119.400
C11-Cio-Han 120.500 121.700 121.000
C1-C11-C1» 120.500 120.500 121.000
C1-C11-Hz 119.400 119.900 119.700
Cy-Cii-Hyp, 119.400 119.600 119.300
C11-C15-Cy3 121.900 121.900 121.800
C11-C1o-Hss 119.400 119.400 119.200
C13-C1o-Hss 119.000 118.700 119.000
C1-C13-Cys 119.000 117.700 117.900
C1-Ci3-Has 122.000 121.800 121.700
C1-Ci3-Has 122.000 121.500 121.400
C+-Ng-S15 122.020 122.363 122.135
C1-Ng-Si5 127.030 127.758 127.282
016-S15-017 120.110 120.300 120.100
046-S15-C1g 108.500 108.600 108.300
017-S15-C1g 108.500 108.600 108.500

(contd.)
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Table 2 — Molecular parameters of N3SMP2MA (contd.)

Molecular parameter (A) Experimental 6-31G(d,p) 6-311++G(d,p)
S15-C15-Cig 118.700 118.700 118.600
S15-C15-Cy3 120.300 119.800 120.300
C19-C15-Cy3 120.700 121.200 120.400
C15-C19-Cyg 120.400 119.900 120.000
C15-C19-H3s 119.800 120.200 119.900
C15-C3-Cyy 118.300 118.300 118.500
C15-Co3-Hgg 120.700 121.600 120.900
Cy-C19-Hss 120.700 121.100 120.900
C19-C2-Cyy 120.400 120.100 120.600
C19-Coo-H3g 119.600 119.600 120.000
C,1-Cyo-Hsg 119.600 120.300 120.100
C0-C21-Cyy 120.400 120.400 120.400
C0-Cy1-Hsy 119.600 119.800 119.600
Cx-Cy-Hgy 119.600 119.900 119.700
C,1-C»-Cys 120.700 120.500 120.500
C,1-Cyr-Hgg 120.000 120.500 120.500
Cy3-Cor-Hgg 120.000 119.100 119.500
C-Cy3-Hgg 120.000 120.200 119.800
Hag-Cos-Hay 106.900 107.112 107.006
Hag-Coa-Ha 107.700 107.261 107.397
Ha1-Coa-Ha 107.500 107.197 107.365
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Fig. 3— Comparative (a) Experimental and (b) Theoretical IR spectra of N3MP2MA

centered at 1460, 1448, 1435 and 1329 c¢cm™ have
been assigned to C-C stretching vibrations. Of these
bands, 1448 cm™ have appeared characteristically
strong in the IR and Raman spectra. The calculated
bands at B3LYP level in the same region are in
excellent agreement with experimental observations

of both in FTIR and FT Raman spectra of
N3MP2MA?* The ring in plane vibration has given
rise to weak bands across the low wavenumber
region, that is to say, below 1000 cm™. The bands
at 830 cm™ and at 966¢cm™ have been assigned to C-C
in plane bending vibrations. As it can be seen from
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Fig. 4 — Comparative (a) Experimental and (b) Theoretical Raman spectra of N3SMP2MA

Table 3 — Vibrational assignments of N3MP2MA using B3LYP/ 6-31 G(d,p) and B3LYP/6-311++G(d,p)
B3LYP/6-31 G(d,p) B3LYP/6-311++ G(d,p) Assignments PED %

viIRecm? v Raman cm™?

105

147
168

180
202
210
233

285
294
317

335
394

vem? IR intensity Raman activity v cm? IR intensity Raman activity

14
22
35
39
49
60
81
89
104
126
148
167
175
181
202
209
232
268
286
294
315
323
336
393

0.3972
0.336
0.9932
1.847
3.7678
1.4116
7.9698
0.4173
0.0768
5.0908
1.4896
1.1743
0.2561
8.8129
2.6661
3.255
2.0675
1.0732
0.8191
1.8401
1.3048
6.2537
0.8138
0.2964

3.4888 15 17185 10.9038 ¢ ring (32)

8.1098 22 0.749 7.6677  Bring (14)

4.6801 33 3.2264 0.8863 B ring (27)

4.0903 39 15522 71128  1CN (59)

3.8221 49 0.6471 2.8448  yCHs(wag) (29)
1.6166 61 0.075 28.6339  1CH;(37)

3.0385 81  2.2295 34.0105  ySO,(wag) (32)
1.3121 88  6.1468 8.256  yCC (79)

0.6457 104 1.108 43185  qCO (42) +BCCN (23)
1.9054 126 1.4992 49.5569 1 S0, (59)

3.4625 149 0.489 62906 o C N (48) +yCH (14)
0.6408 167  3.0434 23462  1CH,;(47)

0.1019 176 1.1247 9.4554 B CN (43) +yCH (12)
0.9042 182 2.4597 04749  1CH;(57) +B C S (47)
1.7484 202 3.7682 22.807  1ring1(31)

2.8822 209  3.3481 317926  BNCC(16)

2.0205 233 1.2655 38238  1CH, (64)

2.2505 270 2.7694 94.8601  BCCC(35)+vCS (39)
5.7751 286  4.9245 100.8237  vCC(34)+ pring (43)
7.8998 204 6.1272 3.9353  yring 1 (48)

1.5071 317 55577 6.1324  tring (16)+ BCCC (21)
2.9405 324 0.6027 58.5011  yCN (19)+ Bring (13)
1.5803 337 0.2068 29776 tring(17)+ BNCH(13)
0.0868 393 3.1578 14.8264  yring 4 (57) +yCS (51)

(contd.)
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Table 3 — Vibrational assignments of N3MP2MA using B3LYP/ 6-31 G(d,p) and B3LYP/6-311++G(d,p) (contd.)

vIRem? v Raman cm™ B3LYP/6-31 G(d,p) B3LYP/6-311++ G(d,p) Assignments PED %
vem? IR intensity Raman activity v cm? IR intensity Raman activity
396 1.8475 1.6939 398 7.7287 2.8079 8ring 4 (56)

408 410 13.0075 1.318 410 44.7903 25435  tring (27) +yCH(18)
422 422 65.4564 1.2279 421 62.069 29317 B Ring (26) +yCN (16)
a5 445 445 8.4924 22268 446  47.6609 371049  yCN(69), yring 4 (35)
451 450  4.8902 1.5518 453 6.8291 7837 NS(67) oring 4 (43)
503 502 503 11.4354 3.4959 503  65.6326 12.3087  TNC(19) +BCCO(27)
520 521 519  7.7688 5.7047 522 58.41 334099  Bring (29)
525 525 525  32.0888 1.3 526  56.7045 18.127  yCH(18)+yCN(19)
551 552 31.0963 1.5816 553 99.296 2.6844 vCS (65)
556 555 554  63.8334 6.627 555  4.0239 14.9607  yCO(57)+INC(27)

574 572 1.9833 0.4803 575 1.6002 1.1777 YNH (42)
589 589 588 23.6323 6.1348 590 59.5084 1.5838 VNS (54)
596 596 594 0.46 3.6917 595 1.8649 27.9628 yCC(32)
602 601 0.0295 3.1413 601 0.1381 20.8666 YCN(29)
640 641 639 8.0934 6.0681 642 48.8103 75.3617 BCCN(27)
662 661 32.7383 0.1409 663 97.3953 16.8839 BNCH(31)
679 680 680 8.3168 6.982 680 72.2857 18.3887 yCC(28)

601 691  42.201 5.3785 691 124103  100.0471  yCH(26) + vCS (61)
723 723 723 39.4428 1.7902 724 13.4852 100.0755  Pring(29)
727 728 727 65.2144 1.7938 729 655803 232009  yCH(86)+yCN(12)
731 731 731 9.7683 2.6868 732 23.3492 82.4465 yCH (54)
742 742 741 18.3154 1.3327 744 19.8855 1.8525  yCH(77) +vCC(29)
819 819 818 3.3046 3.3147 819 100.795 0.486 YCN(18)
830 830  0.0612 2.1532 831  7.5833 3.4495  yCC(34)+ tring(19)
846 845 845  20.6094 8.1487 847 127774 04689  ySO(59)
889 889 888 11.1296 4.2238 889 2.5251 0.0083 vSO(58)
899 900 898  2.7546 0.839 900  11.1144  36.9636  vCN(22)+ vCC(58)
902 901 2.3683 0.7292 903 2.9273 6.2589 YCN(21)
912 912 911  50.5692 3.2667 013 0.8458 12.3505  yCH(44)+yCC(17)
936 936 935  0.4774 0.3138 939 1.3043 03144  yCH(37)+ BNCH(14)
941 941 940  2.7496 0.4127 942 14.4107 19.7162  vCC(51)+ vCN(33)
945 944  13.829 5.0212 047  8.6921 12.0767  yCO(22)+BCCH(13)
957 957 956  45.463 219119 958  67.6354 227942 yCH(36)+ BCCC(29)
962 962 9%62  2.329 7.246 963  65.8477 27.1624  vCC(53)+ tring(13)

966 965  3.658 12,0872 967  30.4551 784173 BCCH(47)+ vCC(71)
998 998 995  2.7696 19.6873 998  6.9069 10.9907  BNCH(12)+ Bring(29)
1003 1002 9.8864 25.4792 1004 73.643 5.5256 8S0 (47)
1006 1006 1005  9.367 15392 1007  16.6447 14.2617  BCCH(23)+ Pring(16)
1013 1013 1011 0.2219 0.854 1013 25.8592 3.2403  BNCH(26)+ BCCH(21)
1034 1035 1033  27.4018 9.0623 1035  17.6553 1.4674 vCC(56)+vCN(50)
1039 1039 1037 20.3717 21128 1040  36.6423 0.0824  BCCH(25)+vCC(62)
1046 1046 1045 9.3436 9.4411 1047 9.7405 14.8215 BCCH(39)
1059 1059 1058  6.5127 06059 1062  0.3786 77646 BCCH(33)+ vCC(65)
1090 1090 89.299 17.3751 1090 3.1263 2.2402 8CH (37)

(contd.)
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Table 3 — Vibrational assignments of N3MP2MA using B3LYP/ 6-31 G(d,p) and B3LYP/6-311++G(d,p) (contd.)
vIRem? v Raman cm™ B3LYP/6-31 G(d,p) B3LYP/6-311++ G(d,p) Assignments PED %

vem? IR intensity Raman activity v cm? IR intensity Raman activity

1092 1094  61.634 16.0601 1093  5.4886 5.5763 BCCH(22)+pCCO(21)
1107 1107 1106  70.1115 16.8634 1109  3.5652 221974  BCCH(43)+ BCCC(22)
1127 1127 1126  18.8062 4.7314 1126  55.1448 3.4751 BNCH(37)+ vCC(64)
1132 1132 1132 0.5189 5.5708 1132 2.3213 77.5854  vCC(86) + vsSO (74)
1150 1151 1150  1.5354 4.5438 1151 26.1408 1.787 BCCH(81)+vCN(44)
1164 1164 1164  82.8841 10.9827 1165  89.7926 22.4193 vCN(49)+ BCCC(16)
1190 1190 1189  56.3877 15.6335 1190  12.2909 10.4975 vCN(68)
1207 1207 1207  80.3972 8.5932 1208  10.5596 34.974 vCC(86) + BCCH(24)
1233 1232 1232 70.6303 26.3666 1233 15.9302 75.0234  vCN(71)
1262 1262 1261  14.6532 1.6887 1261  3.1785 12.0107 vCC(59) + BCCH(25)
1278 1277 1276  0.6862 0.3333 1278  3.1367 94.7824  vCC(67)
1289 1287  90.9551 2.0158 1288 9.9855 69.7929 vCC(66) + BCCC(22)
1301 1301 1299  8.0198 3.188 1300  0.5534 93.2999 vCN(58)+ BCCC(21)
1310 1310 1309  41.2614 8.2916 1310  28.9396 23.0414  vCN(69)

1329 1327 2.2336 14.7836 1328  5.0129 51.8361 vCC (73)+ BHCH(11)
1337 1337 1337 9.0714 47.7988 1339  37.1603 0.2595 vCC(47) + BCCC(21)
1345 1345 19.1518 52.0676 1345 4.1165 1.9531 vCC(59) + BCCH(32)
1368 1368 1365  0.0806 39.687 1366  28.0741 42.2002 BHCH(51) + v,SO(87)
1409 1409 1410  10.3815 10.0816 1410  6.1946 35.0286  BHCH(54) + BCCH(33)
1413 1412 1413  57.7265 20.606 1414 76.0601 7.5005 BCCH(39)
1416 1414  12.7868 1.1072 1415  12.3309 92.4359  BCCH(47) + vCC(62)
1423 1423 1421 7.1162 17.7439 1423  57.0678 20.7619  BCCH(23) + vCC(76)
1429 1430 1428  11.9464 14.7082 1430  77.7866 20.5928 BHCH(43) + BCCH(32)
1435 1434 1.9026 26.5689 1433  28.0787 86.5277 vCC(65)
1443 1445 1444 3.6992 8.0519 1445 12.6067 10.8981 vCN(91)
1448 1446 2.5914 12,7465 1447  7.6807 22.0221  vCC(86) + Pring(23)
1460 1458  41.1638 16.3582 1460  98.4504 1.8573 vCC(77) +BCCH(24)
1470 1469 1469  100.3613 2.3101 1470  17.8983 5.1707 BsCH3(63)
1539 1538 1539 1.4384 65.0289 1540 4.8175 4.0939 BsCH, (81)
1556 1557 1558 0.5773 41.8008 1558 26.3153 0.0951 BCCH(47)
1560 1560 1561  0.0518 12.692 1560  98.9762 15.3904 BsCHs(76)
1568 1567 1567  0.3983 81.6849 1568  18.3875 2.3194 B NH (73)
1580 1579 1580  6.8933 26.6165 1580  0.1214 6.3774 BasCHs (45)
1623 1623 1624  98.3791 4.3365 1623  100.5495 1.2147 vC=0(61)
2890 2889 2885 9.0874 64.0933 2889  25.5216 9.7633 v CH(94)
2897 2896 2895 6.9486 69.4915 2897  25.7657 1.1956 v CH(97)
2905 2906 2907 7.3552 63.7192 2909  0.7819 4.3273 vs CH(96)
2931 2932 2933  15.9927 95.3226 2933 2.2757 3.157 vs CH(97)
2973 2973 2973  17.2072 56.6483 2974  13.5981 1.2742 vs CH(99)
2987 2988 2988 13.718 34.571 2988 9.0411 3.5146 vs CH(98)
3005 3002 3003 7.9339 79.5636 3005 67.3939 2.0447 v CH(99)
3025 3027 3026  0.6815 57.4701 3028 1.6905 0.4447 vs CH(97)
3030 3029  4.0915 30.231 3030  38.9254 0.8925 v CH(98)
3036 3036 3034 1.2296 55.0435 3037 10.398 0.2756 vasCH(99)
3043 3041 3042 12.5821 73.3245 3043  45.6788 0.7284 v CH(99)
3046 3047 3046 10.329 63.6044 3046  11.5112 0.2724 vasCH(97)

(contd.)




SRINIVASARAGHAVAN et al.: VIBRATIONAL SPECTROSCOPY AND MOLECULAR CONFORMATIONAL STABILITY OF N3MP2MA 35

Table 3 — Vibrational assignments of N3MP2MA using B3LYP/ 6-31 G(d,p) and B3LYP/6-311++G(d,p) (contd.)

vIRem? v Raman cm™ B3LYP/6-31 G(d,p) B3LYP/6-311++ G(d,p) Assignments PED %
vem? IR intensity Raman activity v cm? IR intensity Raman activity

3051 3050 3049  10.0223 100.4083 3050  27.6843 0.5952 vasCH(98)

3056 3055 3054  11.7925 83.6734 3054  74.1809 0.5798 vasCH(99)

3067 3066  3.8578 97.0023 3068  57.4052 1.8609 vasCH(98)

3079 3080 3079  10.0639 51.7703 3081 51.8694 0.8699 vasCH(99)

3103 3104 3102 1.8725 64.7029 3106  52.154 1.3111 vasCH(98)

3466 3468 3467  17.2339 29.3562 3471 74.4162 2.3423 v NH(98)

Table 4 — The calculated p, o and Bcomponents of N3MP2MA

Parameters B3LYP/6-31G(d,p) B3LYP/6-311++G(d,p) Parameters B3LYP/6-31G(d,p) B3LYP/6-311++G(d,p)
e -7.7650 -7.4156 Broox 736.656 565.678
Ly -2.5181 -2.9167 Buxy 545.425 -58.574
1y 0.0528 -0.2380 By -85.053 43.012
M 8.1633 7.7377 Byyy -19.476 -8.431
O 438.157 311.741 Brocz 33.196 53.674
Oy -2.539 -4.117 Byyz -3.877 -5.565
Cyy 237.636 204.792 Byyz 7.352 -21.675
Olyg 6.942 6.750 Bxzz -8.105 6.648
oy -7.557 -13.043 Byzz -4.353 0.546
Oly; 73.712 88.437 Bazz 0.611 0.535
Cliot 142.949 156.935 Broi(esu) 1.21 x10%° 1.26x10%
Ao 397.386 430.293

Table 3 that the predicted vibrational bands agree well
with the observed ones.

4.2.4 SO, vibrations

The symmetric and asymmetric SO, stretching
vibrations® occur in the region 1125-1150 cm™ and
1295-1350 c¢cm™. It is stated that, in our present
compound, the SO, symmetric and asymmetric stretching
vibrations occur at 1132 cm?® and at 1368 cm?,
respectively. The experimental FTIR and FT Raman
shows band in the these regions. The SO, in plane and
out of plane bending vibrations for our title compound
are predicted at 394, 268 and 180 cm™, respectively.

5 Molecular Properties
5.1 NLO properties

Many organic molecules that contains conjugated n
electron are characterized and hyperpolarizabilities
have been analyzed by means of vibrational
spectroscopy®>**. Both the B3LYP/6-31G(d,p) and
B3LYP/6-311++G(d,p) method has been used for the
prediction of first order hyperpolarizability () of the
title compound. The tensor components of the static
first order hyperpolarizability (B) were analytically
calculated by using the same method as mentioned
above. From the computed tensorial components, 3 is
calculated for the title compound by taking into

account the Kleimman symmetry relations and the
square norm of the cartesian expression for the
B tensor®. The first order hyperpolarizability (B) of this
novel molecular system and the related properties (o and
Aa) of N3MP2MA were calculated, based on the finite
field approach. The complete equation for calculating the
magnitude of the total static dipole moment p, the mean
polarizability oy, the anisotropy of the polarizability Ao,
and the mean first order hyperpolarizability (3, using the X,
Yy, Z components are defined as follow:
n= [+ Wy + ]
B= [Bzx +B2y +B22] %
. Oy +0, +0,,

3
Az(x :1/2 V2T (o — Oy)? + (Oyy — 0)° + (0 — Ox)” + 6
a xx] ’

where

Bx = Bxxx + Bxyy + szz
By= By t Bxy t Byz
Bz: Bzzz + B XXZ + B yyz

The components of polarizability and the first order
hyperpolarizability of the title compound can be seen
in Table 4. The calculated value of first
hyperpolarizability shows that N3MP2MA might
have the NLO properties.
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5.2 MEP

The molecular electrostatic potential (MEP) has
been used extensively for the analysis of molecular
interactions, including chemical reactions, hydrogen
bonding, salvation processes and bio molecular
recognition interactions. These are also types of
regions that are known to be susceptible to
electrophilic attack, which further confirms that
minima in the potential are useful for characterizing
sites for electrophilic attack. It should be noted that
most neutral molecules have regions of negative
potential and thereby also associated Vmi,. However,
for non polar molecules held together by s-bonds and
alkanes the magnitudes of the Vn, are often small,
indicating low degrees of electrophilic susceptibility.
It should therefore be stressed that the existence of
minima should not be used by itself to identify sites
for electrophilic attack but that also the magnitudes of
the Vmin Need to be considered.

The electrostatic potential and the Vi, are not only
useful for the prediction of interaction with protons
but also with other electrophiles, and in particular for
interactions with hydrogen bond donors. However,
the positive exchange-repulsion energy is largely
cancelled by the negative energy contributions from
polarization and charge transfer, which is the reason
that the electrostatic interaction energy is reasonably
close to the total interaction energy. This is a general
observation that the position and magnitude of Vi,
can be used to characterize lone pairs in molecules. It
can be noted that the existence of the lone pairs is not
as easily deduced from an analysis of the electron
density. Other molecular regions that generally
exhibit minima in the potential are m-regions,
including multiple bonds and aromatic groups. To
predict regions more susceptible to approximation of
either electrophiles or nucleophiles, MESP was
calculated at the B3LYP/6-311++G(d,p) and is shown
in Fig. 5. The red indicates negative regions, blue
indicates positive regions, while green appears over
zero electrostatic potential regions. It is accepted that
the negative (red) and the positive (blue) potential
regions in the mapped MESP represent regions
susceptible to approach electrophilic molecules or
nucleophilic molecules, respectively. The contour map
provides a simple way to predict how different
geometries could interact and is shown in Fig. 6.

5.3NBO
The natural bond orbital (NBO) calculations were
performed using NBO 3.1 program™® as implemented

Fig. 6 — The contour map of electrostatic potential of the total
density of N3SMP2MA

in the Gaussian03 package at the DFT/B3LYP level in
order to understand various second-order interactions
between the filled orbital of one subsystem and vacant
orbital of another subsystem, which is a measure of the
intermolecular delocalization or hyper conjugation.
NBO analysis provides the most accurate possible
‘natural Lewis structure’ picture of ‘j° because all
orbital details are mathematically chosen to include the
highest possible percentage of the electron density. A
useful aspect of the NBO method is that it gives
information about interactions of both filled and virtual
orbital spaces that could enhance the analysis of intra
and inter molecular interactions. The second-order
Fock-matrix was carried out to evaluate the donor—
acceptor interactions in the NBO basis. The
interactions result in a loss of occupancy from the
localized NBO of the idealized Lewis structure into
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an empty non-Lewis orbital. For each donor (i) and
acceptor (j) the stabilization energy (E2) associated
with the delocalization i—j is determined as
E(Z):AEij:qi ':('i)z where @; is the donor orbital
=]

occupancy, &; and g; are diagonal elements and F (i, j)
is the off diagonal NBO Fock matrix element. In
Table 5 the perturbation energies of significant
donor—acceptor interactions are presented. The larger
the E(2) value, the intensive is the interaction between
electron donors and electron acceptors. In
N3MP2MA, the interactions between the bonding
C18-C19 and the corresponding antibonding
C20-C21, C22-C23 have the highest E(2) value
around 319.98, 251.74 kcal/Mol.

The NBO analysis also describes the bonding in
terms of the natural hybrid orbital ©*C20-C21,
which occupy a higher energy orbital (1.97730 a.u.)
with considerable p-character (64.44%) and the
other occupy n*C18-C19 a lower energy orbital
(1.97231a.u.) with p-character (62.61%). The NBO
analysis also describes the bonding in terms of the
natural hybrid orbital LP(1)N4, which occupy a
higher energy orbital (1.71093a.u.) with considerable
p-character (99.98%) and the other LP(1)N6 occupy a
lower energy orbital (1.71303) with p-character
(58.04%). Thus, a very close to pure p-type bonding
orbital participates in the electron donation to the

n*(C18-C19) orbital for n*(C18-C19)—
n*(C20-C21) and =n*(C18-Cl19)— =n*(C22-C23).
The results are tabulated in Table 6.
5.4 Natural atomic charges

The computation of the reactive atomic charges
plays an important role in the application of quantum
mechanical calculations for the molecular system.
Mulliken population analysis provides a partitioning
of either a total charge density or an orbital density In
order to determine the electron population of each
atom of the title molecule, the natural atomic charges
of N3MP2MA calculated by DFT/B3LYP method
using 6-31G(d,p) and 6-311++G(d,p)basis set.
Illustration of atomic charges plotted graphically and
structurally are shown in Figs 7 and 8. For Mulliken

e [ B3LYP/6-311++G(d,p)
H21 I B3LYP/6-31G(d,p)

Atoms

T y T T T
-1.2 -1.0 -08 -06 -04 -0.2 0.0 0.2 0.4

Charges (e)

Fig. 7 — Histogram of calculated Mullikan atomic charges of
N3MP2MA

Table 5 — NBO analysis of N3MP2MA

Donor Acceptor E@KJ/mol® EG)-E()® a.u. F(@i.) a.u.
n*C9-C14 n*C7-C8 33.93 0.26 0.088
n*C20-C21 n*C18-C19 25.40 0.29 0.078
LP(1) N4 n*C1-013 62.92 0.30 0.123
LP(1) N6 n*C9-C14 68.11 0.27 0.126
n*C7-C8 n*C9-C14 76.26 0.05 0.087
n*C18-C19 n*C20-C21 319.98 0.01 0.092
n*C18-C19 n*C22-C23 251.74 0.01 0.086

# E(2) means energy of hyperconjugative interactions (stabilization energy in kl/mol).

® Energy difference (a.u.) between donor and acceptor i and j NBO orbitals.

° F(i,j) is the Fock matrix elements (a.u.) between i and j NBO orbitals.

Table 6 — NBO results showing the formation of Lewis and non-Lewis orbitals

Bond(A-B) ED/energy EDA% EDB%  NBO 5% p%
n*C9-C14 1.94882 50.68 49.32 0.7119(sp1.96)C+0.7023(sp1.85)C 33.75 66.21
n*C20-C21 1.97730 50.01 49.99 0.7072(sp1.81)C+0.7070(sp1.82)C 35.52 64.44
n*C18-C19 1.97231 51.11 48.89 0.7149(sp1.64)C+0.6992(sp1.85)C 37.85 62.11
LP(1)N4 1.71093 - - P1.00 0.01 99.98
LP(1)N6 1.71303 - - P1.00 41.93 58.04
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charge distribution, the GaussView adopts the follow
colors scheme: bright red for more negative charge
and bright green for a more positive charge. The red
hues illustrate negative charges while green hues
expose positive charges. The charge distribution of
the compound shows that carbon atom (Cs) attached
with nitrogen atoms have negative charges. All the
hydrogen atoms have positive Mulliken charges. The
atom C; has the highest Mulliken charge (0.581124)
when compared to other atoms. The nitrogen (N.)
atoms are much more negative charge than the other
atoms. The smallest Mulliken charge value
(—0.514935) was obtained for O3 atom. The Mulliken
charge distribution and the MESP informations are
concordant. The total atomic charges of N3SMP2MA
using B3LYP/6-31G(d,p) and B3LYP/6-311++G(d,p)
methods are listed in Table 7.

5.5 Global and local reactivity descriptors

The Highest Occupied Molecular Orbitals
(HOMOs) and Lowest-Lying Unoccupied Molecular
Orbitals (LUMOs) are named as Frontier molecular
orbitals (FMOs). The energy gap between the
HOMOs and LUMOs is the critical parameters in
determining molecular electrical transport properties
helps in the measure of electron conductivity. To
understand the bonding feature of the title molecule,

the plot of the Frontier orbitals, the highest occupied
molecular orbital HOMO and lowest unoccupied
molecular orbital LUMO are shown in Fig. 9. The
HOMO shows that the charge density localized
mainly on carbonyl and amine group where as LUMO
is localized on ring system. Gauss-Sum 2.2 Program®
has been used to calculate group contributions to the
molecular orbitals and prepare the density of the state
(DOS) as shown in Fig. 10. The DOS spectra were
created by convoluting the molecular orbital

R

(=

Fig. 8 — Structural charge distribution of N3MP2MA

Table 7 — Mullikan atomic charges table of N3MP2MA

Atom B3LYP/6-31G(d,p) B3LYP/6-311++G(d,p)
C: 0.581124 0.312256
C, -0.394340 0.489578
0; -0.514935 -0.134178
N, -0.520608 -0.471992
Cs -0.105693 0.090290
Ns -0.783902 -0.613178
C, 0.248198 -0.208937
Cs 0.025392 -0.019057
Co 0.051427 -0.011121
Cuo -0.143542 0.106032
Cu 0.090237 -0.051535
Ci -0.110895 -0.133594
Cus -0.088615 -0.030063
Cu 0.289769 0.262391
Sis 1.292028 -1.109851
Oss -0.530636 -0.509806
Oy -0.520791 0.425173
Cus -0.181804 -0.110843
Cuo -0.081146 -0.074532
Cao -0.098461 0.038343
Ca -0.075325 -0.040309

Atom B3LYP/6-31G(d,p) B3LYP/6-311++G(d,p)
C -0.089444 -0.039712
Cas -0.070396 0.081619
Cas -0.386651 0.309917
Has 0.095712 0.085780
Has 0.149689 0.109117
Hy7 0.138568 0.109336
Has 0.255119 0.211227
Hao 0.133648 0.131918
Hao 0.195815 0.211800
Har 0.077375 0.014082
Ha 0.076998 0.013430
Has 0.084668 0.110462
Ha 0.132514 0.189344
= 0.174585 0.048675
Has 0.113153 0.098476
Har 0.093662 0.139764
= 0.095432 0.112384
H= 0.124755 0.123754
H= 0.111922 0.098465
H= 0.134952 0.129746
Ha 0.112555 0.089874
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J Homo diagram

Lumo diagram

Fig. 9 — Frontier molecular orbital N3MP2MA

3 DOS spectrum -
Occupied Orbitals —
2.57 Virtual Orbitals ~ —

L [

Fig. 10 — DOS spectrum of N3MP2MA

information with GAUSSIAN curves of the unit
height.

By using HOMO and LUMO energy values for a
molecule, the global chemical reactivity descriptors of
molecules such as hardness, chemical potential,
softness, electronegativity and electrophilicity index
as well as local reactivity have been defined® ™.
Pauling introduced the concept of electronegativity as
the power of an atom in a molecule to attract electrons
to it. Hardness (n), chemical potential () and
electronegativity () and softness are defined follows.

n = 1/2 (8°E/ION?) V(r) = 1/2 (p/oN) V(r)
1 = (GE/ON) V(r)

x =-pn=-(OE/ON) V(r)

where E and V(r) are electronic energy and external
potential of an N-electron system, respectively.
Softness is a property of a molecule that measures the
extent of chemical reactivity. It is the reciprocal of
hardness:

JIILAEL,_ 1]

Ene_rgy (eV)

S=1n

Using Koopman’s theorem for closed-shell
molecules, n, p and y can be defined as:
n=(1-A)/2 u=-(1+A)/2 x=(1+A)/2

where A and | are the ionization potential and
electron affinity of the molecules, respectively. The
ionization energy and electron affinity can be
expressed through HOMO and LUMO orbital
energies as | = —Ejomo and A = —E ymo. Electron
affinity refers to the capability of a ligand to accept
precisely one electron from a donor. The ionization
potential calculated by B3LYP/6-31G(d,p) and
B3LYP/6-311++G(d,p) methods for N3MP2MA is
5.8255eV and 5.8723 eV, respectively. Considering
the chemical hardness, large HOMO-LUMO gap
means a hard molecule and small HOMO-LUMO gap
means a soft molecule. One can also relate the
stability of the molecule to hardness, which means
that the molecule with least HOMO-LUMO gap
means it, is more reactive. Recently Parr et al.¥’ has
defined a new descriptor to quantify the global
electrophilic power of the molecule as an
electrophilicity index (®), which defines a
quantitative classification of the global electrophilic
nature of a molecule Parr et al.*’ have proposed
electrophilicity index (®) as a measure of energy
lowering due to maximal electron flow between donor
and acceptor. They defined electrophilicity index ()
as follows:

w=p%2
Using the above equations, the chemical potential,
hardness and electrophilicity index have been
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calculated for N3MP2MA and their values are shown
in Table 8. The usefulness of this new reactivity
quantity has been recently demonstrated in
understanding the toxicity of wvarious pollutants in
terms of their reactivity and site selectivity”**. The
calculated value of electrophilicity index describes the
biological activity of N3MP2MA.

5.6 Temperature dependence of thermodynamic properties
The statistical thermodynamics, like the standard
thermodynamic functions such as heat capacity,
entropy and enthalpy were calculated using perl script
THERMO.PL® and are listed in Table 9. As observed

from the Table 9, the values of Cp, H and S all
increase with the increase of temperature from 100 to
1000 K, which is attributed to the enhancement of the
molecular vibration as the temperature increases. The
correlation equations between heat capacity (C’pm),
entropy(S'w), enthalpy (H,) changes and
temperatures were fitted by quadratic formulas and
the corresponding fitting factors (R?) for these
thermodynamic properties are 0.9999, 0.9998 and
0.9998, respectively. The corresponding fitting
equations are as follows and the correlation graphs of
those shown in Fig. 11.

Table 8 — Molecular properties of N3MP2MA

Molecular properties B3LYP Molecular properties B3LYP
6-31G(d,p) 6-311++G(d,p) 6-31G(d,p) 6-311++G(d,p)
Enomo(eV) -5.8255 -5.8723 Chemical hardness(n) 4.5353 4.0442
ELumo(eV) -1.2846 -1.8281 Softness(S) 0.2205 0.2472
Eromo-Lumo gap(eV) -4.5353 -4.0442 Chemical potential(y) -3.5550 -3.8502
lonisation potential(l)eV 5.8255 5.8723 Electronegativity (x) 3.5550 3.8502
Electron affinity(A)eV 1.2846 1.8281 Electrophilicity index (o) 6.3190 7.4129
Table 9 — Thermo dynamical properties of N3MP2MA
T (K) S (J/mol.K) Cp (I/mol.K) ddH (kJ/mol)
100 406.655 418.24 153.77 156.55 9.83 9.92
200 542.514 557.97 253.82 258.48 30.39 30.66
298.15 661.456 680.35 355.07 361.47 60.53 61.07
300 663.634 682.54 356.97 363.41 61.20 61.74
400 778.851 801.04 455.05 463.25 102.27 103.17
500 888.556 913.87 538.80 548.51 152.55 153.89
600 991.979 1020.24 607.00 617.94 210.49 212.34
700 1088.85 1119.87 662.24 674.18 274.63 277.04
800 1179.42 1213.31 707.53 720.28 343.82 346.84
900 1264.14 1300.11 745.16 758.59 417.17 420.84
1000 1343.49 1381.76 776.81 790.81 494.01 498.35
1200
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1000
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= 800
oF 7001
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500
400+
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200
100
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Fig. 11 — Thermodynamical properties of N3MP2MA by B3LYP/6-31G(d,p) and B3LYP/6-311++G(d,p)
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S°m = 240.03433 + 0.7328 T -1.79433x10™ T? (R?
0.9999)

C°pm = 15.26587+0.65639 T -2.82786x10™ T* (R
0.9998)
H°, = -7.65942+0.08696 T +1.73344x10* T? (R?
0.9998)

All the thermodynamic data provide helpful
information to further study of the title compounds.
They compute the other thermodynamic energies
according to the relationship of thermodynamic
functions and estimate directions of chemical
reactions according to the second law of
thermodynamics in thermo chemical field. All
thermodynamic calculations were done in gas phase
and they could not be used in solution.

6 Conclusions

A complete structural, thermodynamic, first-order
hyperpolarizability, Mulliken population analysis,
vibrational and electronic  investigations  of
N3MP2MA have been carried out with FTIR and FT-
Raman  spectroscopic  technique along  with
DFT/B3LYP method with different basis sets. The
gas phase structure and conformational properties of
N3MP2MA and its conformers were determined by
guantum chemical calculations. It is found that
molecule has three conformations. The equilibrium
geometries and harmonic frequencies of N3MP2MA
was determined and analyzed at the DFT level
utilizing 6-31G(d,p) and 6-311++G(d,p) basis set,
giving allowance for the lone pairs through
diffuse functions. The difference between observed
and calculated wavenumber values of the most of
the fundamental modes is very small. Any
discrepancy noted between the observed and
the calculated vibrational band assignments may
be due to the fact that the calculations have
been actually done on a single molecule in the
gaseous state contrary to the experimental values
recorded in the presence of intermolecular interactions.
The various intramolecular interactions that is
responsible for the stabilization of the molecule was
revealed by natural bond orbital analysis. The
lowering of HOMO and LUMO energy gap clearly
explicates the charge transfer interactions taking place
within the molecule.
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