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Abstract

An organic material (Acetoxy)(2-methylphenyl) mdthpcetate (AMPMA) was
synthesized at temperature and its chemical streietias analyzed by vibrational spectroscopic
studies (FT-IR/FT-Raman) and NMR spectroscopy. iH& BFT/B3LYP theoretical methods
were employed on AMPMA to investigate its molecutometry, vibrational and bonding
nature. The time-dependent HOMO-LUMO energy wasndbio be 6.0260 eV. The optical
properties of the material were discussed througblel moment and optical polarization. In this
contest, the estimation of molecular dipole mon{giptand linear polarizabilityo) were studied
by MP2, DFT and HF methods with different basis set

Keywords. Optical properties; Crystal structure; Molecularo@etry; Vibrational analysis;

Energy gap.



1. Introduction

In recent ages, the synthesis of acylals has béeareat research because of its wide
variety of applications. The protecting groups aegy much important in the synthesis of
organic materials and are being a key factor indéneelopment of many synthetic materials [1].
The 1,1Diacetates are useful materials in asymmetric iallglkylation, synthesis of natural
products, and synthesis ofatetoxy dienes and 2dichlorovinyl acetates in Dielalder
reactions [2, 3]. The acylal functions could beemdt to other groups with appropriate
nucleophiles [4, 5] and ldiacetates are the cresisking agents for the cellulose in cotton and
as bleaching initiators in wirgtained fabrics [6, 7]. (Acetoxy)(2-methylphenylgtiyl acetate
(AMPMA) is an acylal-organic material. Acrylals at€ldiacetates which has a general structure
R-C(OOCR), (where R represents an aromatic or aliphatic @mg). The crystal structure of
the title compound was reported and in which acetpwoups are oriented with the benzene ring
with an angle of 62.71 (6)° and 57.92 (5)° [8]. @esymmetric dimer has been developed via an
R22(16) ring motif by the intermolecular C—H...O irdetion with two acetoxy groups. Shirin
and Khaligh conducted the acetylation of varioeslabls, thiols, phenols, aldehydes and amines
with acetic anhydride under solvent-free conditionghe presence of a catalyst-succinimide-N-
sulfonic acid [9]. Most of the researchers conadstt only on the synthesis methods of acylals
using different catalysts [1-10].

Organic crystal, (Acetoxy) (2-methylphenyl) methodéate is a newly syntheisized
material through the solvent evaporation methodthis material, there is a high degree of
electron delocalization in the benzene rings wiaigh optically sensitive and show a fast optical
response. Therefore such kinds of organic matesu@sighly polarizable and show an excellent

nonlinearity. In the present research work, theyvéirst time we are reporting the



physiochemical properties of the (Acetoxy) (2-méthenyl) methylacetate material through the
chemical computational techniques to understandi¢hails of various spectroscopic vibrations,
electronic properties like HOMO-LUMO energies, éestatic potential, thermodynamic and
optical activities. Thus the properties explain tlowelty or the originality of the titled material

in the forthcoming sections.

2. Experimental

The precursor material, 2-methylbenzaldehyde ahgdmous indium bromide were taken
in the 1:1 molar ratio. Initially, 2-methylbenzaldele was completely dissolved in 25 ml of
acetic anhydride and indium bromide was gently ddethe solution at room temperature.
The obtained mixture was stirred under a nitrogemoaphere for 4 hours to get a homogenous
mixture. The product was washed well with the waied recrystallization processes were done
with methanol solvent to get a pure final produtthva yield of 82%.
3. Characterization

A Bruker kappa APEX Il crystal X-ray diffractometeras used to collect the single
crystal data of AMPMA crystal. A defect-free siagtrystal (0.30 x0.20 x 0.20 mijmwas
selected and X-ray diffraction data were recorde2P8 K on a three-circle X-ray diffractometer
fitted with Mo-Ka radiation of wavelength= 0.71073 A. The»: 20 scan method was utilized to
obtained reflections. The data were rectified fos@ption and polarization effects with an
empirical correction. The crystal structure of AMRMvas solved by SHELXL-97 method and
deposited at the Cambridge Crystallographic Datatt€eCCDC No. 841279). The data was
well-refined with full matrix (SHELXL-97) least sque process by retaining 1856 reflections

which satisfy the conditior, >24(1). The results of consecutive refinementsF3rreveals the



low-reliability factor,R = 0.041 which reveals that the structure is meabls. The title crystal
belongs to the Monoclinic system with the centrosyetric space group d@2/c The unit cell
values were found to be = 15.757(5)A,b = 7.564(5)A,c = 19.886(5)A, = 99.15(5)A and
V = 2339.8(18) A
Powder X-ray diffraction study was carried out e titled crystal using XPERT-PRO

equipment with Cu-K radiation of wavelength, 1.5406 A. The XRD dataeveecorded in the
Bragg angle (& range from 5 to 50 with a step size of 0.02/sec. The IR spectrumoidsined
in the wavenumber region (4000- 400 Ymwith the help of the Perkin Elmer spectrum one FT
IR spectrometer (of resolution 0.5 &jrusing KBr pellet method. Raman spectral analysis
done in the range 3500-50 ¢nwith 500 scans using FT-Raman Bruker RFS 27:S Rama
module (of resolution 2 cf). Nd: YAG laser (1064 nm) with o/p power of 100 n{#ir-cooled
diode pumped) was used in the Raman spectral eguiprBoth IR and Raman identifies the
various chemical groups existing in the materiaktier, the molecular structure was confirmed
by NMR spectra recorded atZ2 using Bruker Advance 11l 500 MHz spectrometerm@DCk
as a solvent.
3.1. Quantum chemical calculations

Quantum chemical computations were performed at B3ILYP) and ab-initio HF
methods with Gaussian 09 program [11]. The vibratidrequencies at the various theoretical
level and different basis sets with Cs point symmgnetere calculated. In the optimized
geometry, all the modes are real frequency modddhars a minimum potential energy surface
has been established on the molecule.

As a result, reduced masses, the unscaled estinfaéggiencies, force constants,

depolarization ratios, IR/Raman intensities and &anactivities were calculated. In this



estimation, a uniform scaling factor was appliedbtdance the systematic faults initiated by
vibrational anharmonicity, basis set incompletersass neglect of electron correlation. Hence,
the calculation on vibrational frequencies at thielelel is scaled to 0.905 [12]. For B3LYP/6-
311++G(d,p), the wavenumbers above 1700 ene scaled with 0.958 and below 1700’ cane
scaled with 0.983 [13, 14]. The visual animatiod #me normal mode assignments were verified
with the Gauss view program [15, 16]. DFT approacth B3LYP/6-311++G(d,p) level was
employed to obtain the simulated electronic absmmpspectra. The investigation of reactive
sites of AMPMA was studied with MEP (molecular ¢testatic potential) map. Moreover, the
thermodynamic parameters like heat capacity, ewtrapd enthalpy were examined from
vibrational frequency calculations at different fratures.
3. 2. Calculation of Raman intensities

According to Raman scattering intensity theory, dakeulated Raman activitiesgzp from
the Gaussian 09 program can be transformed iraivelRaman intensitiesgf) by the equation
[17, 18]

| = f(Vo_Vi)4S
v, [ 1-exp(-hcy, /KT)]

where, v, is the exciting wavenumber in €h{ here,v, = 9398.5 crit* and their corresponding
wavelength is 1064 nm); is the [" vibrational wavenumber in c¢rh § is the normal mode
Raman scattering activity arigc10 ) is a constant normalization factor. Other symiiiés h,

k, candT are representing their usual meaning.



4. Results and discussion
4.1. X-ray diffraction analysis

From the single crystal X-ray diffraction analysis,is confirmed that the AMPMA
crystal belongs to the monoclinic crystal systenvitg a space group of C2/c. The
crystallographic data and their optimized geomalnmarameters are given in Table 1 and Table
SM 1 (Supplementary Material) respectively. Table 2 provides information about a
intermolecular hydrogen bond in the AMPMA singlgstal. ORTEP diagram (Fig. 1) shows an
intermolecular C—H---O interaction connecting acgtogroups which develop a
centrosymmetric dimer. The recorded powder X-rdfratition pattern of the AMPMA crystal
was compared with the simulated XRD pattern angrésented in Fig. 2. The simulated XRD
pattern was obtained from Mercury software (vers3or) by using the CIF file. It is observed
from the XRD pattern that almost all the peak posg well coincided with the simulated
spectrum and thus confirms the single monoclinigsghof the titled crystal.
4.2. Equilibrium geometry

Fig. 3 represents the optimized structure of titée tmolecule with B3LYP/6-
311++G(d,p) The global minimum energy and dipole moment of WA were -766.8586
Hartrees and 2.8170 Debye respectively. The val@@PWE called zero-point vibrational energy
is estimated to be 150.3561 kcal thaThe elongation and contraction of bond lengtte aond
angles with the applied electric field would be p@ssible for the large polarizability of
AMPMA. For the title molecule, the calculated angeéstigational bond length values of C1-C2
and C1-C10 are 1.392 and 1.389 A, respectively|€Tall 1). It is greater than other bond
lengths of C-C, in the benzene ring. The substitutf two methyl acetate groups to a toluene

ring is liable for the elongation of C1-C2 and cantion of C1-C10 bonds. C12-026 and C17-



028 bonds are not much deviated in the methyl szefdnere are four C-O bond lengths, in
which the bonds C11-025 and C11-0O27 are elongatee han the other two C12-025 and
C17-027 bond lengths. The bond angle (C1-C10-C21=)bf elongation and (C8—C10-C11=
118°) of contraction from the benzene ring angl@é29° show the substitution effect in the ring.
The acetic groups attached (C—C=0=125°) to the dhmgost agreement with experimental
values. The calculated and experimental bond lsngtPAMPMA can be understood from the
correlation graph which is given in FigM 1 (Supplementary Material). The calculations
show good linear behavior of both the theoretical mvestigational bond length values [8].
4.3. Vibrational analysis

Vibrational spectra are helpful to elucidate thke rof H-bonds in the molecular structure
displaying nonlinear optical activity in the cryistalrhe vibrational band assignments of
theoretical and experimental wavenumbers of AMPM4Ae disted in Table SM 2
(Supplementary Material). Vibrations that are present in both Raman andiiafl spectrum are
active. The experimental and computer-generatedRFBnd that of FT-Raman spectra of
AMPMA are shown in Figs. 4 and 5 respectively.
4.3.1. Aromatic C-H vibrations

The aromatic compound reveals C-H stretching, Cakplane and C-H out-of-plane
bending vibrations. C-H stretching vibrations o taromatic compounds display multiple frail
bands in wavenumber range 3100 to 3000 ¢&9]. In the current study, AMPMA is a mono
switched aromatic system which describes the aboee types of C-H stretching vibrations.

The C-H stretching vibration of AMPMA in the FTIR dbserved at 3053 ¢hand in the
FT-Raman at 3065 crh This mode is estimated in the range 3068-3043 with B3LYP/6-

311++G(d,p) HF method estimated in the C-H stretching viloraiin the range 3053-3013 tm



! All bands have medium and strong intensities\aek found in the predictable region.

The C-H in-plane bending vibrational bands are comg noted in the region 1000 to
1300 cm' [20]. The in-plane bending vibrations are obseraed 135 crit in FT-Raman and
1119 cni' in infrared. The theoretical vibrations well cdite with the experimental data.

The out-of-plane bending mode vibrations of C-Hegp within the limit, 1000-700 crh
[21]. The vibrations identified at 735, 710, 650 &1.8 cm” are allocated to C-H out-of-plane
bending vibrations of AMPMA. These modes were cuteg at 743, 712, 647 and 618 ¢rhy
the B3LYP/6-311++G(d,p)method and at 764, 730, 661 and 633"'dmy HF/6-311++g(d,p)
These changes in vibrations confirm the complerédion.

4.3.2. C-C vibrations

The C-C bands are more influential on aromatic nmgdes. The aromatic ring C=C
stretching modes generally present in the regidB031625 crii [22]. The stretching vibrations
of C-C in an aromatic ring are anticipated wittie tvavenumber 1300-1000 ¢hi23, 24].

The maximum ring modes are changed by the subefitub the aromatic ring. In the
present molecule, the IR peak observed at 1588amd Raman assignments at 1554 and 1468
cm are attributed to C=C stretching mode of vibratioFteese bands are estimated as 1624 cm
in DFT and 1582 cihin HF methods. The vibrations identified at 12651&55 cnit in FT-
Raman and 1260 chin infrared are attributed to C-C vibrations. Tdwresponding bands are
calculated at 1281 and 1265 timy HF and DFT methods respectively.

The C—C—C aromatic cycle vibrations are noticethin predictable region 750-1000 ¢m
[25]. Experimental IR bands observed at 845 andcfii®and Raman band at 828 ¢rare due
to aromatic cycle vibrations. These bands have appeat 927, 847, 824 and 768tin DFT

and 971, 881, 830 and 775 ¢iim HF respectively.



4.3.3. CHzvibrations
The AMPMA possesses three €gtoups. There are nine fundamentals, namely the CH
symmetrical stretching and Gksymmetric stretching, GHsymmetrical deformation and GH
asymmetrical deformation modes; in-plane stretclaing out-of-plane stretching modes; out-of-
plane rocking (Chbpr), twisting (tCH) modes and the CHin-plane rocking (ipr) for CH
vibrations. Methyl groups are stated as an electtonor substitution and the methyl C-H
stretching vibrations lie in the limit, 2975—-2840C.
The IR and Raman modes observed at 1406 and 1409 ci are attributed to in-plane

CH bending vibrations. These fundamentals are beti@cidence with the values calculated by
B3LYP and HF methods.
4.3.4. C-O vibrations

The performance C-O vibrations can be studied tyinothe oxygen lone pair electron.
These multiple bonded groups are highly polar asiilting in a strong IR absorption peak.
The intermolecular hydrogen bond across C and Oniiires the frequencies of C=0 stretching
(abs.) due to the different electronegativity ofbcan and oxygen as well as the unequal
distribution of the bond distance between the twams. The electron lone pair of oxygen
reveals the nature of the carbonyl group. The oafiw acid, C=0 band reveals a strong
absorption within the limit,1700-1800 émC=0 stretching modes of acid are stronger than
ketonic C=0 bands.

The characteristic ketonic frequency of C=0 appe&rk728 critin FTIR and 1745 cfhin
FT-Raman with very weak intensities. This C=0 viloa observed is not altered by other

bands. The theoretically estimated frequencies ByY® (6-311++G(d,p)) for C=0 are 1743
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and 1726 cit which gives, strong support to the experimentahdatowever the HF method
gives this vibration at higher wavenumbers.

The C-O stretching vibrations are observed at 1956 cm' in FT-Raman and FT-IR,
the corresponding bands (C-O stretching) are Idcate 1195, 1065 and 1040 €mThe
computed values of C—O stretching are appeare@X8,11192, 1093 and 1035 ¢nn B3LYP
(6-311+G(d,p)and 1235, 1214, 1099 and 1075cmB3LYP (6-311+G(d,pinethods.

4.4. NMR spectral analysis
NMR spectra provide efficient structural infornmtiand*H/**C NMR spectra of AMPMA are
provided in Fig.SM 2 (Supplementary Material). Theoretically predicted and experimentally
identified NMR chemical shifts are shown in TableThe chemical shift ofH and**C were
estimated using IEFPCM/CDgIsolution. CH and CH proton NMR values of AMPMA
appeared from 2 to 1 ppm except for H22. The H22R\%lue slightly deviates due to the
nearest oxygen (028) atom. Methyl protons devatetie carbonyl group produced their signals
at 2.112 ppm and hence they are chemically equitalehe methyl protons devoted to the
phenyl ring give their signals at 2.45 ppm. Therpheing proton NMR appears in the range 8.5
to 6.5 ppm. In our compound, the NMR values of H3, H7 and H9 confirm their position with
experimental values. One proton of acetoxy grougypees its signal at 7.20 ppm. Chemical
shift observed at 7.83 ppm is attributed to metatqms of phenyl and at 7.51 ppm is due to
Orthoprotons of phenyl. The solvent (CRQJbeak appears at 7.26 ppm.

13C NMR spectrum gives the carbon environment inniadecule. Carbonyl carbon atoms
give their peak at 134.17 ppm. Acetoxy carbon gitepeak at 139.19 ppm. The carbon atom
attached to the acetoxy group is attributed to @2%pm. Meta C-atoms of phenyl shows at

129.19 ppm and ortho C-atoms of phenyl ring showk2&.44 ppm. The methyl group carbon
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atom (CH) attached to the phenyl ring gives its peak at20%pm. The medium peak at 14.56
ppm is attributed to the three equivalent:Qoups. The triplet (77.49, 77.06 and 76.64 pmn) i
owing to the solvent (CDg) effect.

4.5. Ultraviolet (UV) spectral analysis and Frontier molecular orbitals (FMQOs)

UV spectral studies of AMPMA were demonstrated tagoally with DMSO, chloroform
and gas respectively. Low-lying excited levels ofMRMA were obtained by
TD-DFT/B3LYP/6-311++G(d,p) calculations with the use of fully optimized stwe.
The theoretical values of oscillator strengthsctetaic excitation energies and wavelength are
provided in Table 4. From the Table 4, it is notbdt the estimated absorption maxima were
found to be 241.29, 218.93, 211.95, 210.58 and980&m for gas phase, 241.42, 219.24,
212.18, 210.78 and 207.42 nm for DMSO and 241269,64, 213.04, 211.65 and 207.55 nm
for chloroform atDFT/B3LYP/6-311++G(d,p)method. The maximum contribution to the
transitions was chosen with the help of a SWizamh@mam [26]. The maximum absorption of
65% in all three media is due to the electron dietiveen HOMO and LUMO. The estimated
excitation energies, wavelength and oscillatorngftie with major assistances are provided in
Table 4.

The FMOs play an important part in quantum chemistptical and electrical analysis
[27]. Gauss-Sum 2.2 Program [28] was utilized toneste the frontier orbital energy and the
energy gap of HOMO-LUMO which involved in the essition of kinetic stability, chemical
reactivity, chemical hardness/softness of a mo&ecaihd optical polarizability. Chemical
hardness and softness are the tools in the cklidic of thermodynamic characteristics of

chemical reactivity. The plot of the density oftetais presented in Fig. 6. It gives the
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information about the population study per orbdald establishes a modest molecular orbital
view in a definite energy range.

From the FMO energy states of the AMPMA, it is net that the respective electronic
transfer has occurred between HOMO and LUMO, HOMQwid LUMO+1 orbitals,
respectively. There are four significant molecwdsitals were found for AMPMA: the highest,
second highest occupied (HOMO, HOMD), the lowestunoccupied and the second lowest
unoccupied (LUMO and LUMO+1) orbitals were estinthtesingB3LYP/6-311++G(d,p)and
the estimated energy values are compiled in Tablé& energy gap value is 6.0260, 6.0233 and
6.0222 eV in gas, DMSO and chloroform respectiv@lifarge transfer interactions within the
molecule can be studied by the energy band gag\wltiOMO-LUMO.

Fig. 7 shows the HOMO/LUMO 3D plot of AMPMA and frothis figure, one can
understand that the highest occupied moleculartadrbs localized the entire molecule,
particularly on the rings. LUMO is localized at tbeygen atom sites and the aromatic ring. The
positive and negative regions are indicated byrdte and green colors respectively and the
electron density transfer can be identified byH@VO—LUMO transition.

The values of electronegativity (4.0473 eV), chehibardness (3.0310 eV), softness
(0.1659 eV) and electrophilicity index (1.5065 eM)the gas stage are greater than that in
DMSO and chloroform phases. Larger the dipole mdnmaticates stronger the intermolecular
interactions in the compound. Table 5 reveals tbémated dipole moment values of the
molecule. It is observed from the table that thineged dipole moment is higher for the gas
phase (3.7101 D) when compared to DMSO (3.6929%0)Ghloroform (3.4123 D) respectively.
4.6.Thermodynamic properties

According toB3LYP/6-311++G(d,p)level, the statistical thermodynamic factors |ikeat
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capacity C), entropy § and enthalpy changedH) for AMPMA were calculated and are given
in Table 6. These thermodynamic parameters areased in the temperature region, 100- 500
K. It is because, with the increase of temperattine, intensity of molecular vibrations is
increased [29].

The correlation equations connecting, enthalpy gban entropies, heat capacities and
temperatures were close-fitting with the quadrétitnulas. The respective fitting factor&)
for the mentioned thermodynamic components are nigavthe same value 0.9999.
The corresponding fitting equations are as folland the correlation graphics are presented in

Fig. 8.

S=59.14269+0.29269T — 0.3303x107* T2
AH=-0.25043+0.01448T + 7.7547&10° T?

C=11.80259+0.16338T —1.6857x107° T*?

All the thermodynamic data provides sufficient dstavhich could be helpful for further
analysis. They will be used for the other thermadgit energy calculations within the
thermochemical field.

Note: All the thermodynamic estimations were anadlyby choosing the gas phase and are not
suitable for the solution phase.
4.7. Electrostatic potential analysis of AMPMA

Fig. SM 3 (Supplementary Material) represents the 3D-photograph of ESP-electrostatic
potential, TED-total electron density and MEP-malec electrostatic potential map of
AMPMA. The TED photograph of AMPMA molecule shows identical distribution. However,
it is observed from the ESP that the yellowish hlepresents the localization of ESP with the

oxygen atoms of the molecule. This is the expeatesult, since ESP associates with
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electronegativity and limited charges.

Proton attraction by the high electron density eéy@egative electrostatic potential which
is red on the ESP surface and the repulsion optbtn by the low electron density shows the
positive electrostatic potential and the shadeslug color exhibits the incomplete shielding of
nuclear charge. However, the color grading of ME$pldys molecular shape, size, positive,
negative and neutral ESP regions respectively (BMd. 3) and thus the physiochemical
properties of the molecule can be easily studi€d33]. Different color identifies the diverse
estimations of ESP at the molecular surface.

Potential increases in the order red < orange kowet green < blue. The color code of
these maps is in the range between -0.04671 aap (ckd) to 0.04671 a.u. (Deep Blue), where
the strong attraction and repulsion behavior ofrttedecule are indicated by blue and red colors
respectively. In the MEP map, the ring carbon arak@ns of the molecule indicate the negative
potential region whereas the hydrogen atoms im#te/ork indicate the positive potential. The

green colour of the methyl groups present dictttesieutral potential.

4.8. Natural Bond Orbital( NBO) analysis

The NBO analysis evidenced to be an important nreastiinterpretation of intra and
intermolecular interaction. It is also used for mkang conjugative contact or charge transfer
with the molecular system. Higher the energy ofdry@onjugative interactions, the more severe
is the interface between electron donors and acceptspectively.

The delocalization of electron density, intramolecinteractions and re-hybridization of
the molecule can be understood through NBO analfgisk-second order perturbation theory
examination on AMPMA molecule is provided in Tal® 3 (Supplementary Material).

The intramolecular interactions of the moleculelddae owed to the orbital overlap ofC6-C8)
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over anti-bondingt (C1-C10) andr (C2-C4) with energies 18.12 kcal/mol and 21.6 knal/
n(C1-C10) andn(C2-C4) overn (C6-C8) with stabilization energies 21.81 kcal/mand
18.61 kcal/mol. The molecule involves the intemarsi ofs of 025 withe (C12-026),6 of 026
with ¢ (C12-025),6 of 027 witho (C11-C28) ands of 028 witho (C17-C27) and has
stabilization energies 6.94 kcal/mol, 1.28 kcal/mo¥.05 kcal/mol and 1.39 kcal/mol,
respectively.

4.9. Optical properties

4.9.1. Molecular dipole moment and polarizability calculations

Observation of optical activity in organic molecllprovides the necessary key factors
for most of the optical properties like optical tshing, optical modulation, optical logic and
signal processing etc., [33-36]. It is believed ithamost of the organic materials, intramolecular
interactions are much tougher than the intermoérathemical bonds. In such circumstances, the
molecular interactions of AMPMA were analyzed wdlifferent theoretical methods (MP2, DFT
and HF).

The optical activity of the materials significanitiepends on large dipole moment and
polariability. The aromatic ring in the titled ma#d is responsible for all the optical properties.
When an optical photons incident on the materiadrd is a transfer of energy to the electrons
and thus there is a development of the local etedteld. Therefore, in this contest, the
calcualtion of the optical properties like molecutBpole moment|{) and linear polarizability
(o) of AMPMA were studied by MP2, DFT and HF methedth different basis sets.

In the present research work, the axial componeintsolecular dipole momenpj and
polarizability () were calculated along the axial planes (x, y amdspectively). In addition to

these axial components, the methods were extewndgestribe the non axial componentg, xz,
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y2) of an applying electric field apart from the dx@anes. The polarizability tensors were
estimated dyxx, oxy, ayy, xz Gyz 022) DY Using the Gaussian output file with an apprdpriarmula
[37] and the results based @FT/B3LYP 6-311++g(d,p)method are recorded in Table 7.
The dipole momenty) and polarizability ¢) of the AMPMA material are compared with the
reported materials and are presented in Table 8. |&lger values of dipolemoment)(and
polarizability @) indicate the substantial charge delocalizationthe mentioned directions,
which shall responsible for the nonlinear opticzhaty.

4.9.2. Basis setsanalysis of DF T, MP2 and HF methods

It is noted from Fig. 9, the estimated electrostalipole moments from all the three
methods are having a similar trend. This reveads the dipole moments were insensitive to
electrostatic correlation effect (EC) [41]. In dlhe three methods6-31+g(d,p) and 6-
31++g(d,p) basis set gives maximum dipole moment and thes ls&tiof6-311g(d,p)shows the
minimum dipole moment value. The results of MP2 hodt having 22% deviation from HF
method and it is 15% from DFT.

The polarizability behavior of the molecule canupelerstood from Fig. 10. The behavior
of the curves in all three methods revealed theemuwbér consistency in the estimation of linear
polarizability. Large the value of polarisabilityjore diffusion and polarization functions will be
considered [41]. In the DFT scheme, the obtainddrigability values are in the region from 19
x10%* esu to 22 x18* esu. The6-31+g(d,p) and 6-31++g(d,p) basis sets in DFT approach
showed maximum values of polarizabilities and hehese basis sets are suitable for theoretical

calculations.

5. Conclusion
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A complete chemical computational analysis of AMPMAas performed byHF and
DFT-B3LYPmethod a6-311++G(d,p)basis level. An experimentally obtained and thca#y
generated spectra were well granted for the dedesguency fit with DFT B3LYP/6-
311++G(d,p) level. The structural and symmetrical properti€AMPMA were studied with
various quantum chemical calculations. UV-Vis. smdcstudies of AMPMA were analyzed by
theoretical calculations. The electronic transgiaf the material were completely studied by the
DFT method both with the gas phase and liquid ph@sévent-DMSO and Chloroform)
respectively. The MEP map explains the negativeyder and nitrogen atoms) and positive
(hydrogen atoms) potentials. Different theoretagabroaches on different basis sets were used to
analyze the dipole moment and polarisability of tile molecule. The higher values of dipole
moment and polarisability components of the titladterial dictates the considerable charge
delocalization which is accountable for its effiti@ptical property.
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Table 1. Crystal data, Intensity data collectio &efinement for methyl acetate compound

AMPMA.

PARAMETERS AMPMA

CRYSTAL DATA

Formula & Hi14 Oy

Formula Weight 222.23

Crystal System Monoclinic

Space group C2c

a, b, c[A] 15.757(5)

7.564(5)

19.886(5)

alpha, beta, gammpleg] 90.00
99.17(5)
90.00

V[A3
z

D(calc) [gcm®]
Radiation used
Mu(MoK,) [ mm™ ]
Wavelength
F(000)

Crystal Size [mm]

INTENSITY DATA COLLECTION
Diffractometer

Temperature (K)

Theta Min-Max [°]

Dataset

Reflection collected

Unique reflections

Reflection with

[1>0.0206(1)]

R(int)

REFINEMENT
Refinement method
Parameters

GooF on E

Final R indices,

w

Extinction Correction
Min. and Max.

Resd. Dens. [e/}

2339.84(18)
8

1.2617
MaK
0%
0.71073
944
0.25x0.20x0.15

Brucker Kappa APEXII CCD
295
2.1,26.5
-13:19; -9:8, -24:24
12571
124

1856
0.027

Full matrix least square oh F
149
1.045
0.041
0.1249
None

-0.19, 0.20




Table 2. Non-Bonded interactions and possible hyeindoonds of AMPMA

D-H...A D-H(A) H...A (A D...A (A D-H-A (°)
C7- H7...02 0.9800 2.2830 2.6641 101.92
C9- H9A...04"  0.9800 2.5410 2.656 85.85

Symmetry Code:(i) x, y, z; (ii) -x+1/2, y+1/2, -2/?



Table 3. Experimental and Calculated valued-b&nd**C NMR isotropic chemical shifts (with
respect to TMS and in CDg$olution) of AMPMA

Atom *C NMR Atom  “HNMR

Experimente Calculate: Experimente Calculate:

(B3LYP) (B3LYP)
Clz 177.4 H9 7.83 7.81
Cli 176.6 H30 - 7.76
Cl 144.7 H5 7.51 7.51
Cic 139.14 140.5 H7 7.49 7.47
ca 134.1. 134.8 H3 7.31 7.44
cz 129.6¢ 134.7 H22 - 3.27
ce 129.1¢ 133.1 H24 2.45 2.52
ceé 126.4¢ 130.7 H15 - 2.30
C1l 105.2« 92.0 H20 - 2.24
Cl: - 21.4 H16 - 2.18
Cle - 21.1 H23 2.11 2.11
c21 14.5¢ 19.9 H29 - 1.98
H14 - 1.79

H19 - 1.60




Table 4. Theoretical electronic absorption spectrdaMPMA (absorption wavelength (nm),
excitation energies E (eV) and oscillator strengthasing TD-DFT/B3LYP/6-311++G(d,p)
method in DMSO, chloroform and gas phase

Phase E(eV) A(hm) F(cm” Major contribution%
5.138 241.29 0.0205 HOMO->LUMO (65%)
5.663 218.93 0.0818 H-1->LUMO (58%)
GAS 5849 21195 00095 H-3->L+2 (-38%)
5.887 210.58 0.0005 H-2->L+3 (-63%)
5.990 206.99 0.0072 HOMO->L+2 (81%)
5.135 241.42 0.0219 HOMO->LUMO (65%)
5.655 219.24 0.0863 H-1->LUMO (58%)
DMSO 5843 21218  0.0098 H-3->L+2 (-36%)
5882 21078 0.0005 H-2->L+3 (-60%)
5977  207.42 0.0067 HOMO->L+2 (82%)
5.131 241.61 0.0220 HOMO->LUMO (64%)
5.645 219.64 0.0842 H-1->LUMO (56%)
CHCl, 5819 21304 00130 H-3->L+2 (-37%)
5857  211.65 0.0007 H-2->L+3 (64%)
5978  207.55 0.0072 HOMO->L+2 (81%)




Table 5. Calculated HOMO and LUMO energy valuesatfents (DMSO and chloroform) and
gas phase

Properties Gas DMSO CHCl;
HOMO-1(eV) -0.5829 -0.5834 -0.5459
HOMO (eV) -1.0343 -1.0338 -0.9949
LUMO (eV) -7.0603 -7.0571 -7.0171
LUMO+1 (eV) -7.2513 -7.2481 -7.2037
HOMO-LUMO (eV) 6.0260 6.0233 6.0222
Electro negativity) 4.0473 4.0454 4.0060
Chemical hardness) 3.0130 3.0116 3.0111
Softness (S) 0.1659 0.1660 0.1661
Electrophilicity index ¢) 1.5065 1.5058 1.5056
Dipole moment (Debye) 3.7101 3.6929 3.4123

Table 6. Thermodynamic functions at B3LYP/6- 311+d@)

Temperature (T) Entropy (S) Enthalpy AH ) Heat Capacity ( Cv)

(K) calmol'K*  keal mor* cal mol'K™
100 87.02 1.96 27.93
150 99.62 3.60 35.66
200 112.57 5.79 43.94
250 123.86 8.19 51.50
300 135.40 11.20 59.61
350 145.40 14.36 67.01
400 154.77 17.88 74.32
450 164.21 22.11 82.16

500 172.28 26.40 89.32




Table 7. The calculated dipole moments@ebye) and polarizability componenis &.u.) of
AMPMA molecule based on B3LYP/6-311++g(d,p) basigl.

Parameters Values

Hy -0.2000
Hy -0.5929

Hz -0.9146

Mtot 1.1082

Oy 176.4648

Oxy 3.9545

Oy 130.3236

Oz 1.8847

Oy 9.0435

Oz 151.4639

ot 22.6380x10%esu

Table 8. Comparison of dipole momept Debye) and polarizabilitya( esu) of AMPMA
molecule with the reported molecules

Material Dipole Polarizability References
moment (a, x10** esu.)
(1, Debye)
Trimethadione 0.8118 10.3001 [38]
4-Chloro-DL-phenylalanine  1.4990 15.5000 [39]
4’-Methylpropiophenone 1.3788 18.1619 [40]

AMPMA 1.1082 22.6380 Present




Fig. 1. ORTEP plot of AMPMA drawn at 30% probability of displacement ellipsoids for non-

hydrogen atoms
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Fig. 2. The ssimulated and recorded powder X-ray diffraction pattern of the molecule AMPMA



Fig. 3.The optimized molecular structure of AMPMA
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Resear ch Highlights

The molecule AMPMA is theoretically investigated by HF and DFT/B3LY P methods
Time-Dependent HOMO-LUMO energy is calculated to be 6.0260 eV

Theoretically estimated value of dipole moment is 1.1082 D

The polarizability value of AMPMA moleculeis found to be 22.6380 x10%* esu

The elongation and contraction of bond length are responsible for large polarization
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