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ADbstract

We report a study of the structural, optical arettlcal properties of a new chalcone. Using the
Mgller-Plesset Perturbation and the Density Funefioapproaches, the dipole moment, linear
polarizability and second hyperpolarizabilities eealculated in static and dynamic electric fieltlse
supermolecule approach was used to simulate thetatiige environment of our crystal and the linear
refractive index. Lorentz local field correctionctar and third order macroscopic susceptibility ever
calculated, and the effects of solvent media omtirelinear optical properties are also taken adoount
through the Polarizable Continuum Model. This cbakis almost planar, except for slight rotatioms i
its open-chain which allows electron delocalizatiohis is also confirmed by an intramolecular hypo
bond formed between the carbonyl and amine grolmsrestingly, a good third order macroscopic
susceptibility value of 13.31x¥8m?/? was calculated, which is even higher than thoperted for

related chalcone derivatives.

Keywords. NLO properties; Hirshfeld surfaces; Chalcone

| ntr oduction

Chalcone is a class of compound obtained from abhtursynthetic sources that can be considered
as a precursor agent of flavonoids and isoflavasiold The chalcones’ synthetic production process
normally occurs by Claisen Schmidt condensationwinich aromatic aldehydes are condensed with
acetophenonds. This compound class presents two aromatic rimgsected through a three-carbon
bridge with a keto carbonyl group and oag-unsaturation Studies have showed some biological
activities associated with chalcones, such as &imal, analgesic, antiplatelet, anti-inflammataanti-

ulcerative, antimalarial, antiviral, anticancertiyperglycemic, antioxidant and antitubercafar

In addition, chalcones can be applied for otheppses, such as new materials, environmental

demands and biological functions. Regarding mdsersmme chalcones have showed potential properties



of nonlinear optics, contributing to new materiavdlopments associated mainly with electronic
engineering and other scient&8® For example, Ali et al. (201%) characterized in his work the
morphological and optical properties of chalconia fims, with possible application for optoeleatios
devices. The characterization process involvedtaliggraphic analyses, a theoretical approach dner o
experimental data. Also, Maidur et al. (2018nd Patil et al. (2018 studied third-order nonlinear
properties of two novel chalcone derivatives. Agalasly, Chaudhry et al. (20%?)showed through
computational study the potential nonlinear optieplplication of a novel chalcone. Many times,
chalcones can be associated with other molecukes golymers and composite materials. Shetty,
Raghavendra, and Dharmaprakash (2818pped a chalcone with films of poly(methylmethaats)

representing a good candidate for an optical pdweting application.

Considering the wide use of chalcones, computdtianalysis is an important tool used for
describing and obtaining the molecular geometrgifferent media, such as solution or gas phases,Thu
theoretical calculations can be applied to estintla¢ephysical chemistry properties, such as noatine
optical (NLO) properties in different solvents. &edl, this approach has been used in many studies. F
instance, Shkir et al., (2018) describes the theoretical second and third naalinptical properties of a
novel D+«t-A type chalcone derivative. Similarly, AlFaify ak (2018) used computational methodologies
to describe electronic, spectroscopic and nonlirogaical properties of I-threoninium picrate (LTHP)

molecule®.

In this sense, this paper aims to present thetatalcelucidation of a novel dimethoxy amino
chalcone (DAC), as well its theoretical nonlineaoperties. The molecular structure of the proposed
chalcone was confirmed using Single Crystal X-raffr&ction and spectroscopic analyses. Hirshfeld
surfaces were used for an improved understandinigeosupramolecular arrangement and intermolecular
interaction. In addition, the electrical propertie$ DAC crystal were calculated by using the
supermolecule method (SM) to simulate the crystallenvironment polarization on a DAC isolated

molecule.



Experimental and computational procedures

Synthesis and Crystallization

An ethanolic solution of sodium hydroxide 30% (W(¥P mL) was added in a flask along
with 2-aminoacetophenone (2 mmol). The reactionesyswvas stirred until complete dissolution of the
acetophenone, then 3,4- dimethylmethoxybenzaldel{2demol) was added to the mixture and the
reaction accompanied by CCD (Scheme 1). At theddrtle reaction, a small amount of hydrochloric
acid 10% (v/v) was added to neutralize the sysfEme. product was filtered and recrystallized by slow

evaporation from ethanol as solvent.

o)
CHs + H  NaOH/EtOH O = O
_ =
NF2 MeO TA NH, OMe
OMe

OMe

Scheme 1. Synthesis of DAC

Crystallographic characterization

A well-shaped single crystal of DAC was selectairfrthe glass vial after crystallization for the
single crystal X-ray diffraction (SCXRD) experime(ifable 1). The crystal structure was elucidated
based on Mo K intensity data acquired on a Bruker-AXS Kappa DRiiifractometer. These intensity
data, measured on a APEX Il CCD detector, were gmsed using SAINt and SADABS* before
inputting them into the SHELXS-201% program to solve structure with direct methodspbfse
retrieval. The initially solved model was refineding full-matrix least-squares on F? with SHELXL-

2014°.



Non-hydrogen atoms were refined respectively wigle fanisotropic and fixed isotropic;{kfH) =
1.2 Uyq (Csy or N) or 1.5Ueq ()] displacement parameters. Hydrogen positions wdetned
according to stereochemical assumptions and asclllas the position of each bonded non-hydrogen
atom. A summary of crystal data and refinemenissies of DAC is displayed in Table 1. Interpretati

of the structure and graphical drawings were deilt by MERCURY® and ORTEP-%.



Table 1. Crystal data and Refinement Parameters of DAC

Structural formul C17H17NO3
Formula weigt 283,32 u.
Crystal system, space groug Monoclinic, C2/t
a=31.262
Unit cell dimensions (A) b =4.28¢
¢ =25.69¢
o =9C
Unit cell dimensions (°) [3:12910.75
’YZ
Volume (A3 2929.56'
Calculated density (g/cn 1.28¢
Absorption coefficient 5m|-1) 0.08¢
Absorption correc. min/ Tmas multi-scan "min/Tmay=0,54:2
F(000 120(C
Z 8
0 range for data collection (de 0.932-25.21°
index range -36 to 3¢
-4tok
-30 to 2:
data collecte 6787
unique reflectior 2584
symmetry factor (i) 0.056¢
completeness t6°mas (%) 98.(
parameters refine 191
Goodnes-of-fit on F2 1.12¢
Final R indices [I>Zo(1)] 3.657

Ry (all)
whk; (all)
largest diff. peak hole (e”)
CCDC deposit nt

0.0844 (0.116¢
0.2656 (0.317¢
0.235/-0.267
158986:

Hirshfeld Surface Analysis

The Hirshfeld surface (HS) arose from an attemptetfine the space occupied by a molecule in a

crystal in order to partition the crystal electmensity into molecular fragmeRfs®. For this, a weight

function for each atom in a molecule is defined as

pat(r)

Wa (r) =

wherepft (r)are spherically averaged electron densities ofver®us atoms. Then, the electron

density of an atomic fragment can be defined as

ZiEmolecule piat )



Pa(r) = wo(r)p™*!(r)

wherep™°!(r) indicates the molecular electron density.

It is a powerful graphical tool for molecular irsgetion analysis, evaluating the electronic
distribution in the environment external to the emilé’. The dnorm surface evaluates the distances
between atomic nucleus internal atoms and the HSa(dl the distance from the surface to the nearest

atom in the molecule (de), normalizing them asrection of van der Waals radius.

Instead of plotting de and di on the Hirshfeld aad, contact distances are normalized in Crystal

Explorer using the van der Waals radius of the epite internal and external atom of the surtace

dnorm — (di _ 7,.iwiw)/7,.i17dw + (de _ Tevdw)/revdw

The blue color indicates low intensity, and redocaindicates high intensity of contacts. In
addition, hydrophobic interactions are represebtedhape index surface as large red and blue regibn
concave and convex curvature. This surface is auaneaf “which” shape, defined in terms of pripal

curvatures kand k:

2
S =—arctan (
T

ky + kz)
ki =k,

Shape index has the useful property that two shégaediffer by only a change of sign represent
complementary pairs and, because of this, mapblagesindex on the Hirshfeld surface can be used to
identify complementary hollows (red) and bumps €blwhere two molecular surfaces touch one

anothef®.



Fig. 1: An outline of the bulk is displayed.

Powder Diffraction

The XRPD patterns of DAC were recorded using a XPBERNalytical diffractometer with
filtered Kal radiation of a Cu tube, operating at 40 kV and, equipped with X’Celerator detector.
To perform more accurate XRPD measurements 7 arkd\X!2photons were used at XRD1 beam line of
Brazilian Synchroton, at 100K and room temperatAtemeasurements were carried out in transmission
mode holding the gently grind sample in 0.7 mm glaspillary. Procedures for the structural
determination were performed by DASH<sup>32</suppx82</sup>(32)(31) (30) using the XRPD
data and the molecular structure information oletdiby NMR. To accomplish Rietveld analyses from
CIF corresponding to single crystal data analysferdz.suite TOPAS version 4.2 was used considering

the Fundamental Parameters Approach (FPA).

Infrared and Raman spectroscopies

The infrared absorption spectra of DAC were obthine KBr, ca. 1% solution, on FTIR/IR
Affinity-1 Shimadzu spectrophotometer. Moreover, dorrect the systematic overestimation of the

vibrational frequencies, which is characteristiched DFT methods, a scale factor of 0.958 was applied



in the theoretical value¥. This provides more reliable values to comparthéoexperimental data from

2.6 NMR spectroscopy.

Raman spectra of different regions of a DAC crysi@inple surface were collected with 20x
objective lens at room temperature using a Peak®et5 (RAM — PRO — 785) Raman system with a
diode laser of 785 nm and 50 mW at the source.bHo&scattered Raman radiation was dispersed with a
grating and focused on a Peltier-cooled chargeledugevice CCD detector allowing us to obtaining a
spectral resolution of 6 ¢ All spectra were recorded at room temperaturthénspectral window of

(from 200 — to 2000) cthwith same acquisition time (10 s).

NMR spectroscopy

All NMR experiments were run on a BRUKER, DRX400 kldquipment at 9.4 T, in a BBO 5
mm probe, at 298 K, and TMS (tetramethylsilane)ifdernal reference. For 1H, 13C NMR, DEPT135
and HSQC, CDCI3 was used as solvent. The splitifroton and carbon resonances was reported as s=
singlet, d= doubletH NMR & (ppm): & 3.93 (s ; 3H ; 4-OMe)§ 3.95 (s ; 3H ; 5-OMe) § 6.29 (broad
single ; 2H ;-NH ) ;6 6,70 (m ; 2H) $6.89 (d ; 1H ; 8.36 Hz)§ 7.15 (d ; 1H ; 1.59 Hz)§ 7,22 (dd ;
1H; 1.86 € 8.18 Hz)§7.28 (m ; 1H) $ 7.47 (d ; 1H ; 15.50 Hz ;&} ; 5 7.69 (d ; 1H ; 15.50 Hz}; 7.86
(m; 1H).2*C NMR & (ppm): 191.7; 151.1; 150.8; 149.2; 143.1; 134.1; 13028.2; 122.7; 121.0; 119.3;

117.2; 115.8; 111.1; 110.0; 55.9.

To study the electrical properties of the DAC cayste used the supermolecule method (SM) to
simulate the crystalline environment polarizationaoDAC isolated molecule. This approach works with
a bulk consisting of a set of 11x11x11 unit ceNdiere each unit cell has 8 asymmetric units anti eac
asymmetric unit has 38 atoms, creating a bulk Wiih624 atoms; as can be seen in an outline in &igur
1, the isolated DAC is in the middle of the bulkiwa blue outline. The atoms that surround theatsal

molecule were considered as point charges.



Computational Methodology

To study the electrical properties of the DAC cayste used the supermolecule method (SM) to
simulate the crystalline environment polarizationaoDAC isolated molecule. This approach works with
a bulk consisting of a set of 11x11x11 unit celdiere each unit cell has 8 asymmetric units anti eac
asymmetric unit has 38 atoms, creating a bulk Wiih624 atoms; as can be seen in an outline in &igur
1, the isolated DAC is in the middle of the bulkiwa blue outline. The atoms that surround theatsal

molecule were considered as point charges.

The SM approach was used in Refto represent the dipole moment and the first
hyperpolarizability with results close to the expemtal ones. In Ref, the authors calculated the
macroscopic properties of the lingafand second order nonlinegk? crystal susceptibilities for urea
and thiurea, using the SM approach, and their gimai results were close to the experimental olmes.
Ref3’ the authors also simulated the propertieg@f and y®of the molecule 3-methyl-4-nitropyridine-

1-oxide with results again close to the experimemas.

The iterative process of SM is carried out in salvsteps: First we determined the electric charge
of the isolated molecule, by adjusting the molecuwkectrostatic potential through @HEL PG fit,
considering the electric charge distributions inwan through the MP2 method, usiteg— 311 + G(d)
basis set>*® The partial atomic charges of the single isolatealecule of an asymmetric unit are
calculated byCHELPG. Then we replace each corresponding atom in thiecefls generated by the
previously obtained partial atomic charge, and dtaic electric properties and the new partial &om
charges of the asymmetric unit are calculated. idrative process continues with the substitutibthe
partial atomic charges in each calculation stepil tiee convergence of the electric dipole moment i

reached; see Figure 2.
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Fig.2. Evolution of values of the dipole moment of the ©Avith the respective iteration numbers. Step 0

indicates the isolated molecule, and the othersstagicate the DAC crystal.

The components and the average values of electdipale moment(u;, ), molecular linear

polarizability (a;;, (@)) and anisotropy of linear polarizabilifAa)were calculated using the MP2 theory,

and Density Functional Theory (DFT) at lex@tdM — B3LYP was employed for the calculation of the

components and the average values of the secoredutarizability(y;jx, (v)). The set basié — 311 +

G(d)was used in both calculation methods.

The electrical parameters of the DAC crystal weaakewdated using the following expressions for

the total dipole moment,

1
w=(ui+ 5+ ug)?
average linear polarizability,

Oy + ayy + a,,

{a) 3

anisotropy of linear polarizability,

-1 2 2 2
Aa= 212 [(axx —ayy) + (ayy —az;)" + (@ — @)? + 6(ay,” + Ay +ay,?

first total hyperpolarizability,

I,

@

@

©)



1
Brotar = [Bxxx + Bxvy + Bxzz)* + (Byyy + Brzz + Brxx)* + (Bzzz + Bzxx + Bzvy)?12, (4)

and average second hyperpolarizability,

1
(V)=E. Z (Viigj + Vijij + Vijjo)- (5)
L]=X,Y,Z
Here the medium optical dispersion was not takeo account; therefore, the mean value (or
absolute value) of the static second hyperpolailinatran be simplified by using the Kleinmafin

approximation and calculated through the expression

<V) = [yxxxx + YVyyyy t Vzzzz T Z(Vxxyy + Vaxzz + Vyyzz)]- (6)

ul]| =

The relation between the average linear polaritabt) and the crystal linear refractive indey (

is given by the Clausius- Mossotti equatf8rwhich is,

n¢?—1 4nN
= S (7)
212 3 @

whereN is the number of molecules per unit cell volumbe Third-order electric susceptibility

(x®) is related with the average second hyperpolaifinaby the expressiof’,

)((3) - f41v(v), (8)
wheref is the Lorentz local field correction factor giviey,

pod )

All the numerical results for the tensors’ polabiidy and hyperpolarizabilities were obtained

from the Gaussian 9output file and converted by electronic units jesu

For the theoretical calculations, the molecularngewmies of DAC were carried out from the
crystallographic information file (CIF). Then thigeometry was fully optimized using the density

functional theory (DFT) implemented in the Gaus$i@rpackag¥, with the Handy and co-workers long-



range corrected version of B3LYP using the Coulattbauating method, CAM-B3LY® as functional

and, as basis set, we used the 6-311+G(d) of Ropleo-workers.

Results and discussion

Solid state characterization

The DAC compound, bearing two methoxy groups &'-gpsitions of ring B and an amine group
at 2-position of ring A, crystallized with one ctgdographically independent molecule’ (Z 1) in a
monoclinic space group C2/c'(Z 8) (see Table 1 for a summary of crystal ddta)conformation does
not differ much from those of the two polymorphstbé 3',4’,5"-trimethoxy-2-amino analo§"*> Its
molecule is almost completely planar, except faghslrotations on the three single bonds of thenepe

chain (C1-C7, C7-C8 and C9-C10), as Figure 3 shows.

Fig 3. 30% probability ellipsoid plot of DAC. Non-hydrog@&toms are arbitrarily labelled, and hydrogen
atoms are shown as spheres of arbitrary radii. l€dlarea denotes ti§¢(6) ring.
This conformational feature can be viewed in thghsltwist of 13.0(2)° between the two least-
squares planes calculated through ring A (see €i8dor labeling scheme of chalcone rings) anduihino

the propanone non-hydrogen atoms. The coplanagityden the central mean plane calculated through

01, C7, C8 and C9 and ring B is still higher (thenthangle between their least-square planes is



9.89(18)°). The torsions around C1-C7 and C9-C40 @éscribe the coplanarity between both ring A or

B and the propanone moiety, respectively (Table 2).

Table 2: Selected torsion angles of DAC

Torsion DAC
C6-C1-C7-C8 14.3(7)
C6-C1-C7-01 -168.5(5)
C2-C1-C7-01 11.3(8)
C2-C1-C7-C8 -165.9(5)
C9-C8-C7-01 9.1(8)
C9-C8-C7-C1 -173.5(5)
C8-C9-C10-C11 -9.1(8)
C8-C9-C10-C15 166.6(5)
Cl1l1-C12-02-C16 1.2(7)
C13-C12-02-C16 -178.9(4)
C12-C13-03-C17 179.3(4)
C14-C13-03-C17 0.1(7)

These two planarity deviations arose from the stemdrance between vicinal hydrogen atoms
bonded to C8 carbon and the carbons at the orthitigno of rings A and &. As a consequence of these
planarity deviations, phenyl rings A and B are tedsby 19.18(16)°. Likewise, the torsion valuestios
C7-C8 bond axis evidenced a subtle coplanarity aliewi in the propanone moiety (Table 2), as

mentioned above. All torsions around this threeebaxis measure close to either 0° or 180°.

Contrary to the aforementioned trimethoxy analogjcv is present with the methyl moiety of
methoxy in the para-position, and is outside thenghring B plane, both methyl groups of DAC are
coplanar to phenyl ring B. Furthermore, an antsdatalled s-cis) conformation around C7-C8 can be

described compound for 1, which is preferred okiersyn one in chalcone cl&€s*

Concerning the non-covalent contact pattern, aslanmblecular hydrogen bond is formed between
the carbonyl and amine groups, assembling;’65ring. The other amine hydrogen, which is not
involved in this hydrogen bonded intramolecular ifpas engaged in bifurcated non-classical hydrogen

bonds with both methoxy oxygens of a glide-symmetitsited molecule, giving rise toG(11) running



along [001]. Interactions involving the amine anéthoxy groups are also found in one of the two
polymorphs of the 1-like compound present with &uréher methoxy moiety at 5-position of ring®Bn
the other polymorph, amine groups are intermolebulavolved only in N-H..p contacts. In addition,
two of these one-dimensional chains, growing inage directions parallel to the ¢ axis, are clodsd
through a weak non-classical hydrogen bond betweertarbonyl oxygen and the para-position methyl
group of 3-screw axis symmetry related neighbors (FigureTf)s last contact, together with the chain
motif, gives rise to a second lev§(9) motif made up of four hydrogen bonded molegutesstituting

the main supramolecular entity of the crystal paglof DAC.

Fig 4. Crystal packing of DAC showing the chains runnimghe opposite direction along the [001] direction
(framed). Only hydrogens involved in the shown eotd are dlsplaged. H...Aand D-H...A
measurements are shown. Colored area denoté (B motif.



Hirshfeld surface (HS) analysis was used for anrawgd understanding of intermolecular
interactions and their role in the supramoleculaaragyement of DAC. The first approach involves the
normalization of de andli contacts on a unique surface nantkgm showed in Figure 5 with the
fingerprint plots for H-O contacts. By analyzingethed spots on the HS, it can be noted that the N1-
H1A---O3 interaction is slightly stronger than the N1-H1@2 interaction (red spots more intense),
which is confirmed by distances between donor ametor atoms (3.058 and 3.288%, respectively).

In addition, H bonds are characterized on the fipigets plots of Figure 5 as two pointed peaks, nehe

the upper peak corresponds to donor regions anerlpeak corresponds to acceptor region.

(1) = N1-HIA--03
(2) = N1-HIA---02

T T2 T& T8 I8 20 Z7 7%

U UF

Fig 5. HS dnorm of DAC showing the intensity of seleckédond, followed by the fingerprint plots of H-O
contacts.

The crystal packing of DAC is also stabilized bytb®o--r and C-H--x interactions, as showed in
Figures 6(a) and 6(b). There is one interactiomwben dimethoxy rings (represented by Cgl, in rad) a
one other between the amino rings (representedd®; @ blue), with Cg-Cg = 4.289A. This n--xn

interaction is recognized as two triangular shdjkesa bowtie over aromatic rings on HS (Figure)p(c



and is highlighted blue withed~x ¢ = 1.8 A in the fingerprint plot (Figure 6(e)). Also, theig an
interaction between atoms C15 and H15 and Cg2 [DAd- = C-H--Cg2; dp-) = 0.930 A; ¢y 4=

3.532 A; qp.a) = 4.435 A4 p._a = 164.57°], evidenced by a large red depression thesdimethoxy
ring (acceptor region) and a blue convex spot &4 in the shape index HS (Figure 6(d)). Finalhgge

interactions are represented by C-H contacts awldlike “wings” in the fingerprint plots (Figure 6.

de

2.4

22 1 AR
20 ;
18 : i uwe

1.6/
14
1.2]
1.0]
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0.6
d i

UG 08 10 12 T4 16 1.8 20 22 22

(e)

(C) (d) TE T T »(-6 A ot

Fig 6. n- - ® and C-H- -z interactions involved in the crystal packing of DAa); Evidence of these
interactions in the shape index HS (b) and fingatpmplots for C---C and C- - - H contacts (c).

The solid-state characterization was expanded taCDA powder form, and the structure
determined by single-crystal DRX showed to be stablambient conditions; however, it underwent a
structural phase transition at about 100 K (sear€ig). The structural parameters refined by Rldtve

Method using synchrotron radiation are shown inl@db

From the low temperature measurements, one caarseeexpected phase transition, where the

low-temp phase seems to have larger lattice pasmétee most intense peaks shift to higher d salue



The Bragg peaks referring to C2/c structure becbrad, suggesting the reduction of its crystalsire

domain.

@7keV; 100 K

oo CEE oy
b s, ¥
7 Y

@7keV; 300 K
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@12keV; 100 K
S—— . T
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d (A)

|

Intensity (arb.units)

Fig 7. Calculated (red lines) and experimental (blackd)nXRPD patterns of DAC collected with different
excitation energies at room temperature and lowerature (100 K).

Spectroscopic characterization

The vibrational spectral analysis is discussed dasethe characteristic vibrations of the main
absorbing groups of DAC. Detailed vibrational gasnents of main IR and Raman modes (theoretical
and experimental) are shown in Table 3. For visumllysis, the observed and simulated FTIR and FT-
Raman spectra are overlapped, as presented ineBi@fa) and 8(b). The observed discrepancies are
justified because the calculations were made fasalated molecule in a vacuum, while the experit®ien

were performed using a solid sample.
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Fig 8. Overlapped experimental (red) and theoreticalofyldR and Raman spectra of DAC (a) from 0 to
4000 cni and zoomed region (b) from 200 to 2000°tm

Table 3. Vibrational assignments, scattering activities acaled frequencies (¢hcalculated, with CAM-
B3LYP/6-311+ G(d), to GH./NOs. a) Scale factor:0.958; b) Scale factor:0.95%didates the most intense
experimental peaks.

Raman Scaled

Unscaled IR IR scattering scattering Scaled IR Exp. IR Raman Exp. Raman
freq. activities activities freq.® freq. freq. freq.
Rigid Rings A-B bending; Amine stretching out off plane 280.36 86.1 1.6 268.6 267.7 255.0
The same as before + torsion of H around C(27) in CH3 of ring 294.64 83.3 1.1 282.3 281.4 277.6
B 337.2
3954
In plane stretching ring A; bending O(5) and H around C(27) 574.35 35.6 10.6 550.2 491 548.5

508 409.6*



Out off plane and out off phase H stretching in amine

In plane stretching ring B;

Out off plane stretching of H of ring A

Out off plane stretching of H of ring B

Out off plane stretching of H of the open ring

Almost planar Out off phase stretching of H of the open ring;
in plane stretching of ring A
In-plane deformation/breathing mode of ring A and out-off
phase of H in amine

In-plane deformation mode of ring B

Another In-plane deformation/breathing mode of ring A and
out-off phase of Hin amine

Out off phase vibrations of H(20) and H(8) causing a slight In-
plane deformation of ring B

Out off phase In-plane vibrations of H in ring A

Breathing mode of ring B caused by in-phase and in-plane vib
of H of CH3's
Similar Breathing mode of ring B caused by in-phase and in-
plane vib of H of CH3's
In-phase vib of H in the open ring; slight breathing of ring A
caused by in-plane H vib and C(16)-C(10) stretching
Similar In-phase vib of H in the open ring; slight breathing of
rings Aand B
Deformation of rings A and B; stretching o C(11)-O(1)
connecting CH3
In plane Deformation of rings B; huge displacement of H(8)
and alternate stretching of C-O connecting CH3's
Similar In plane Deformation of rings B; huge displacement of
H(3 and H(15) in the open ring
In plane Deformation of rings A and B; huge out-off phase
displacement of H(20) and H(15)
In plane Deformation of rings A and B; huge out-off phase
displacement of H(22) and H(18)
In plane Deformation of rings A and B; huge displacement of
H(22)
In plane Deformation of rings A and B; huge displacement of
H(13) linked to the open ring

In plane Deformation of ring B; huge displacements of H(20)
and H’s linked to C(27) in CH3

In plane Deformation of ring A; huge displacements of H(32),
(38) and (22); C(10)-0(9) stretching

In plane Deformation of ring B; huge displacements of H(28),
(29) and (30) linked to C(27) in CH3

huge displacements of H’s linked to C(33) in CH3

huge displacements of H's linked to C(27) in CH3

In plane Deformation of ring A; huge displacements of H(32),
(18) and (22);

In plane Deformation of ring B; huge displacements of H(8),
(2) and (20), C-O alternate stretching and in phase vib of H's
in CH3's
In plane Deformation of ring A; huge displacement of H(38),
and in phase vib of H’s in NH2
In plane Deformation of rings A and B; huge displacements of
H(25) and H(26) in NH2; C(10)-0O(9) stretching
In plane Deformation of rings A and B; huge displacements of
H(25) and H(26) in NH2 (opposite to the previous mode);
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254.19
113
72.5
383.55
80.1
130.2
248.6
119.3
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3.5
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2.5
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17
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51.22
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17
8.7
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10.5
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986
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1017.5
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1144.7
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1306.9
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1415.7
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1447.7

1462.7
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1513.6
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615

660

687*
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C(10)-O(9) stretching

In plane Deformation of ring B; huge displacements of H(3)

and H(20); as well as H(25) and H(26) in NH2; C(10)-0(9) 1675.45 121.6 4195.8 1605.1 1600.1 1601.1*
stretching
Almost the same as previous 1685.24 33.44 378.94 1614.5 1609.4 1615.1

Similar vibration of NH2, without C=0 vib; but causing a huge

d ) ) 1696.04 204.55 407.35 1624.8 1619.7 1626.6
eformation of ring A
Hugh stretching of C(10)-0(9) and C(12)=C(14) in the open 1742.82 279.6 649.9 1669.6 1645 1664.4 1644.2
ring, slight deformation of rings A and B ' ' ' : : :
H breathing mode in CH3, mainly in that of C(27) 3037.96 49.7 82.33 29104 2830 2901.3
H breathing mode in CH3, mainly in that of C(33) 3042.14 61.54 184.31 29144 ;ggz 2905.2
Out-off phase vib of H(29) and H(30) in CH3, that of C(27) 3100.52 34.58 354 2970.3 2960 2961.0
2971
2987
Out-off phase vib of H(35) and H(36) in CH3, that of C(33) 3105.97 36.51 65.23 2975.5 3002 2966.2
3038
3075
H’s stretching/breathing mode in NH2 3580.13 93.1 383 3429.8 3330 3419.0
Out-off phase vib of H's in NH2 3732.12 83.2 67.1 3575.4 3548 3564.2

As Figure 8(a) shows, in the region of 3050'cta 3010 crit bands of aromatic CH stretching
vibrations usually apped?. These theoretical values calculated in this papein the region of 3063 ¢m

! to 3098 crit, while in experimental IR these vibrations aréhia region of 3072 cthto 3003 crit.

The carbonyl group stretching vibrations appear flavonoid and chalcone derivatives in the
spectral region 1660 — 1580 ¢ras a consequence of the conjugation effect ticat@ses the single bond
character of carbonyl and vinyl grodhsThese vibrational modes are observed in the @rpetal IR
spectrum in 1617 cth and 1644 cm, respectively, and in 1576.2 @mand 1592.3 cih in the
experimental Raman spectrum. This value for a vimglp is in good agreement with the expected value
of 1660 — 1600 cfh for this vibrational mode. Additionally, DFT calations assign the C=0 band at

1614 cntt and the C=C band at 1669 ¢m

The O-CH3 stretching vibration appears in the wielgion between 850 and 1100 twith an
intensity varying from weak to strorfy These bands are observed in 1045'cand 1024 cm in
vibrational spectra of ABC; on the other hand, 1687 and 1058 ci are the theoretical values for this
vibration. The asymmetric stretching of the methgxgup attached to an aromatic ring appears in the
range 1310 to 1210 cht? DFT calculations and experimental IR give thegeof 1260 crif to 1234

cm’® as asymmetric methoxy stretching vibrations.



For the amino group, N-H stretch vibrations occatween 3500 cih and 3300 cr, primary
amines generate two bands, of which the higheufreqy band in the pair is due to asymmetric vibrati
while the lower frequency band results from syminetibratior?®. In the present study, these stretching
modes are assigned at 3575 cand 3429 ci in IR spectrum and at 3568 ¢nand 3458 cm for
theoretical spectra (Figure 8(a)). The blue shgftrh NH, symmetric stretching is due to the formation of
intramolecular N-H...O hydrogen bonding. The N-H soring mode, in primary amines, appears as a
medium to strong intensity band between 1640 @nd 1560 c *°, while rocking deformation is
expected in the 1090-1060 ¢mregior® and, finally, the wagging mode is expected inrtrege 520-720
cm® % Our theoretical values for these vibrational nmdee 1605 cih 1017 cni' and 612 c,
respectively. These values are in good agreemeht exiperimental IR and Raman, as can be seen in

Table 3 and Figure 8(b).

The C-N stretch absorption in aromatic amines acatil350 to 1250 chmas a medium to strong
intensity band. This absorption occurs at a highreguency because the resonance enhances the double
bond character between the ring and the atom @fggh bound to it°. This stretching mode appears in

IR at 1307-1359 cihand in DFT at 1307-1350 ¢

For the methyl group, we analyzed the C-H stretgimmodes. In sp3 C—H stretch, there are two
important bands: 2962 c¢hfor asymmetric stretch, and 2872 ‘trfor symmetric stretching vibration
mode®’. The features at 2830 - 3075 ¢tmegion in the IR spectrum can be assigned to thiésational

modes, while our DFT calculations show these madesnd 2975 cihand 2910 ci, respectively.

Nonlinear Optical Properties

In this section our theoretical results for thecwleal parameters of the DAC crystal are
presented. We can see from Table 4 that the vdltree@verage electric dipole is 1.22D and the eaiii
the average linear polarizability 38.33 x 10~%*esu. The y-component of the dipole moment gives the

greatest contribution for thg-value, and the diagonal components of the linedarjzability tensor,



which are responsible for the calculation of theamgolarizability (equation (2)), are those witle th
highest values, highlighting the componegnt which contributes almost half of tRe)-value. The off-
diagonal terms are considered in the anisotropyingfar polarizability calculated through equation
(3),which have the value28.78 x 10~ 2*esu. Also, in Table 4 th&€AM — B3LYP/6 — 311 + G(d)
results for the second hyperpolarizability {i=3¢ esu) for DAC crystal are presented. As can bedyote
the tensor componem,,,, is much larger than the othercomponents and participates with more than

65% of(y)-value.

Table4. MP2/6 — 311 + G(d) results for the compounds arsitae values of the dipole moment (D) and linear
polarizability (in 10°* esu) and CAM — B3LYP/6 — 311 + G(d) results far second hyperpolarizability (in 0
esu) for DAC crystal.

Hx Hy Hz ('u)

0.76 -0.92 -0.22 1.22

Axx axy ayy Az ayz Azz (0[)
30.17 452 23.12 -5.12 9.11 46.70 33.33
Vxxxx YVyyyy Vzz2z Vxxyy Vyyzz Vxxzz (v)
19.73 16.95 281.28 6.69 19.93 28.87 85.79

The linear refractive index for the DAC crystal @dhted from equation (7) is = 1.494, and
with this value the Lorentz local field factor fs= 1.4108. From these results and the value of the
average second hyperpolarizability, which8&.79 x 10736 esu, the third-order electric susceptibility
(x(3)), which is an important parameter for determinihg honlinear optical properties of the crystals
and can be measured experimentally by the Z-scdmigue, was calculated through equation (8), and

we found:y® = 13.31 x 10~ 22m?2v 2.

The DAC molecule can be considered a donor-acceoioor (D-A-D) type, where the
NH, group and the tw@CH5 groups behave like electron donors and the chalboidge as an electron

acceptor group. As the OMe group is a stronger dgrmup thanWH,, the charge transfer occurs from



right to left in the DAC molecule, as shown in Fig® (a). The value of thg®for the DAC is high
when compared with other chalcone derivatives stlidhy the Z-scan technique by D’Silva et al.,
(2012§° namely, (2E)-1-(4-bromophenyl)-3-[4-methylsulfényphenyl]prop-2-en-1-one (4Br4MSP),
(2E)-1-(3-bromophenyl)-3-[4(methylsulfanyl)  phemyipp-2-en-1-one  (3BrdMSP) and (2E)-
3[4(methylsulfanyl)phenyl]-1-(4-nitrophenyl)propet-1-one (4N4MSP).The values of the third-order
electric susceptibility (in units af0~22m?2V~2) of the chalcone derivatives 4Br4MSP and 3Br4AM&P a
2.27 and 1.98 respectivély while the value for DAC is 13.31, which is thenef 5.86 and 6.72 times

higher than these values, respectively.

The important fact to emphasize about this incrémgé® for DAC (Figure 9(a)) when compared
with the other chalcone derivatives, showed in Fegd(b) and 9(c), is the stronger donor charaafter
the twoOCH3 in comparison witl§CH3, both bonded at the benzene ring, as can be seEigure 9.

Also, the electron donor character of the bromimaeveaker than th&H, group, and the value of

x®increase as stronger is the donor group (or accgpop).

As can be seen from Figure 9(d), the compound 48RBMresent the highest value of the third-
order susceptibilityy® = 2.36 x 10~22m2V~2°°, when compared with the other two 4-methilsulfanyl
chalcone derivatives cited above. In this particekese, the molecule type is a acceptor-acceptoordo
(A-A-D) and the increase in the® is attributed to the fact that the charge transfmurs between the
two end molecule groups, donor and accéptand the longer the charge transfer axis the grésthe

nonlinearity>>>°



NH, 0
(a) DAC
Re(x¥)=3.36
D-A-D

CH,
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Fig. 9. Four Chalcone derivatives, DAC (a), 4BrdMSP (IBr8VISP (c) and 4N4MSP (d); on the right are
shown the values of the real part of the third-ordlectric susceptibility (in units of0%m?vV? and the
molecule types donor-acceptor-donor (D-A-D) or @atoe-acceptor-donor (A-A-D).

Figures 10(a), 10(b) and 10(c) show, respectivislg, average linear polarizabilite(—w, w))
and the average second hyperpolarizabilitfg$-w; , 0,0)) and(y(—2w; w, ,0)), as a function of
the applied electric field frequencies. The behawibthe curves in Figures 10(a) and 10(b) is samil

presenting a monotonic increase in the parametéhs the increase in the frequencies. However, for



w =0.10 a. u.. the values ofa(—w, w)) and (y(—w; w, 0,0)) reaches 1.3 and 5.3 times the static

value respectively, showing that this second patanpgesents a more abrupt increase.

Embedded Molecule
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Fig. 10. Dynamic evolutionof the calculated values of the linear polarizapi(in 10%* esu) and second
hyperpolarizability (in 13° esu) for DAC (( a), (b) and (c)) and with resjpee values of frequencies.

To enrich our understanding of the NLO optical mndies of the DAC isolated molecule we
consider the effects of the several solvent medi¢éhe electric parameters, both in the presenctatic
and dynamic external electric field. The averagéues of electronic dipole momerfu), average
molecular linear polarizabilitya), first hyperpolarizability parallel to dipole momtegz(0; 0,0) and
the average value of the second hyperpolarizal{iji}y were calculated using Density Functional Theory
(DFT) at levelCAM — B3LYP with set basi$ — 311 + G(d). With this purpose, we have considered
the solvent media to be: chloroform= 4.71), dichloromethane € 8.93), acetone: (= 20.49), ethanok(
= 24.85), methanok(= 32.61), dimethyl sulfoxides (= 46.70) and watek (= 78.36), where denotes the
static dielectric constant of each solvent medithe; gas-phase & 1.00) results are also presented for

comparison.

Table 5 shows the DFT results for the average dipobment(s), average linear polarizability

(a(0;0)), first hyperpolarizability 8z(0;0,0) and second hyperpolarizabilitKy(0; 0,0, 0))) in



solvent media. As can be noted, the absolute valtia$ electric parameters increases with theaase

in the solvent dielectric constant value.

Table 5. CAM-B3LYP/6-311+G(d) results for the dynamic limgmlarizability (in 10°* esu), first static
hyperpolarizability (in 18° esu) and second static hyperpolarizability (ri®esu) for DAC in several solvent

media.

Medium (1) (a(0; 0)) B,z(0; 0,0) (y(0;0,0,0))
Gas-Phase 1.32 36.70 -14.93 92.72
Chloroform 1.64 45.33 -28.92 206.36
Dichloromethane 1.68 47.33 -32.32 239.46
Acetone 1.74 48.84 -34.77 265.09
Ethanol 1.75 49.02 -35.12 268.93
Methanol 1.76 49.27 -35.52 273.31
Dimethylsulfoxide 1.77 49.52 -35.91 277.67
Water 1.78 49.75 -36.28 281.80

In Table 6 forA = 1064.1nm we present our results fer(—w; w), B,z(—w; »,0) which
corresponds to the Pockels effect, #hd(—2w; w, w) related with the second harmonic generation
(SHG). Also shown in Table 6 are the second hypar@abilities,y (—w; w, 0,0)andy(—2w; w, w, 0),
which correspond to the dc-Kerr effect and dc-SI& can be seen, the variation of the absolute galue
of the electric parameters does not show a welhddfincrease with the increase in of the dielectri

constant value of the solvent medium, as observedqusly in Table 4.

Table 6. CAM-B3LYP/6-311+G(d) dynamic results for the limepolarizability (in 10° esu), first static
hyperpolarizability (in 18° esu) and second hyperpolarizability (in*i@su) for DAC in several solvent media
for A= 1064.1 nm

Medium a(—w;w) Piz(—w;w,0) Liz(—2w;w, ) y(—w;w,00) y(—2w;w, w,0)
Gas-Phase 37.84 -17.70 -26.26 114.96 197.83
Chloroform 43.04 -30.70 -45.68 225.27 391.25
Dichloromethane  42.93 -32.19 -46.55 241.89 406.40

Acetone 42 38 -32.54 -45.55 248.21 401.39



Ethanol 42.41 -32.73 -45.74 250.30 403.90
Methanol 42.11 -32.48 -44.88 248.72 396.12
Dimethylsulfoxide 42.92 -33.76 -47.60 260.46 424.19
Water 42.16 -32.87 -45.25 253.14 401.17

However, we can note that the greatest values fgz(—2w;w, w); P z(—w;w,0);
Y(—2w; w, w,0) andy(—w; w, 0,0) occur for DMSO (DiMethylSulfoxide), which is the lpo solvent
with the largest dipole moment value, while theaggst value of a(—w; w)occurs for Chloroform,
which is a weak polar solvent. This effect can kpl@aned by the increasing of the oxygen O1 charge,
which acts as an electrons receptor of the benzegé\, decreasing the electron density and thenast
stability, making it difficult to the electrophiliattack. The charge of the benzene ring A is 0.14@mas-
phase, 0.134e in chloroform and 0.151e in DMSO. tbted charge of the benzene ring A-O1 is -0.45€ in
gas-phase, -0.49e in chloroform and -0.485e in DMBore details about transfer charge in gas-phase,

chroloform and DMSO can be seen in Table 7.

Table 7: CAM-B3LYP/6-311+G(d) results for the CHEERtomic charges of DAC in solvent medium
Charge €)
Atom Gas-phaseChloroform DMSO

03 -0.387067 -0.421206 -0.431907
02 -0.394828 -0.423871 -0.448542
o1 -0.592522 -0.627972 -0.636515
C13 0.258014 0.270976 0.26955
C17 0.23231 0.240527  0.22809
H17A -0.005142 0.005023 0.012514
H17B 0.032645 0.03524  0.03913
H17C -0.013467 -0.00575 0.003417
Cl12  -0.16225 -0.169856 -0.175064
H12  0.135582 0.149218 0.157707
C11 -0.295695 -0.302663 -0.301702
H11  0.151407 0.164439 0.167172
C10 0.173544 0.148692 0.153707
C9 -0.008861 0.009886 0.003064
H9 0.104644 0.096941 0.096451
C8 -0.374604 -0.406958 -0.396414
H8 0.128571 0.15106 0.151918
C7 0.650884 0.674342 0.655201
C6 -0.262821 -0.277926 -0.259031



C1
H1
C2
H2
C3
H3
Ci4
C16
H16A
H16B
H16C
C15
H15
C4
H4
C5
N1
H1A
H1B

-0.06129
0.087021
-0.206889
0.108526
-0.002218

0.09193

0.30386

0.228802
-0.009541
0.033249
-0.008008
-0.364944
0.197643

-0.3368

0.139255
0.583325
-1.017371
0.410895
0.452213

-0.060135
0.092755
-0.215003
0.118908
-0.011454
0.102691
0.30011
0.221717
0.005093
0.038797
0.003884
-0.352587
0.204054
-0.330392
0.150348
0.564597
-1.014227
0.423257
0.447446

-0.081129
0.105589
-0.20794
0.121684
-0.014603
0.107382
0.318667
0.233387
0.006546
0.037413
0.006855
-0.380379
0.22154
-0.338112
0.159483
0.557956
-1.017664
0.429805
0.444774




Conclusions

Here we have elucidated for the first time the rmoolar and
supramolecular structure of a 3’,4’-dimethoxy-2-aathalcone. Slight rotations
on the single bond axes in the propenone coreem@onsible for deviating the
molecule backbone from a perfectly planar structAreintramolecular hydrogen
bond between carbonyl and amine moieties helpsligg@althis conformation,
while the crystal packing is featured by the forw@atof cross-linked chains
running in opposite directions. Contacts of theetyg-H--Omethoxy and C-
Hmethyl...Ocarbonyl keep the molecules in contachwitese tied chains. We
believe that the structural knowledge derived frims study will be useful to
understand the biological and physicochemical ptagse of this chalcone and

other related compounds.

The ab-initio calculation studies were performedthwithe aim of
elucidating the non-linear optical properties ofNavel Chalcone Derivative
(3,4’-dimethoxy-2-aminochalcone) of the structufarmula G/H;;NOs. The
SM approach was used to simulate the crystallindaremment of the DAC
crystal, and the third order macroscopic suscdjtyilvialue obtained for the DAC
crystal was 13.31x18m?V?, higher than the values measured for three chalcon
derivatives by the Z-scan techniqtfeThe effects of the solvent media on the
molecular properties were considered through thkl R@thod, where the higher
values offllz(-20;0,»); Bllz(-0;®,0); y(-20,0,»,0) andy(-o;®,0,0) occurred for
the solvent dimethylsulfoxide, which is the polaitvent with the highest dipole

moment, while the highest value @f-o;®) occurred for chloroform, which is a



weak polar solvent. As a consequence, the DAC alrgsthibits good non-linear

optical properties.

Acknowledgements

The authors gratefully acknowledge the financigdmart of the Conselho
Nacional de Desenvolvimento Cientifico e TecnologicNPq), Coordenacao de
Aperfeicoamento de Pessoal de Nivel Superior (CAPESdacédo de Amparo a
Pesquisa de Goias (FAPEG) and Fundacdo de AmpdPesguisa de Santa
Catarina (FAPESC), Brazil. The XRPD measurementsewsarried out at
LDRX-UFSC and in the XRD1 beam line of the Brazili&ynchrotron-LNLS
(proposal 20150198). Single crystal X-ray diffrantdata were collected at the

Physics Institute of the Federal University of Goia



1)

(2)

3)

(4)
(5)
(6)

(7)

(8)
(9)

(10)

(11)

(12)

(13)

Refer ences

Kateb, B. A.; Hussien, A. A.; Baig, H. M.; Bas, M. A.; Kulkarni, P. A.
Antimicrobial Screening of Novel 4-Hydroxy Chalcen®/. J. Pharm. Pharm.
Sci.2016, 5 (9), 1855-1863.

Rahman, M. A. Chalcon& Valuable Insight into the Recent Advances and
Potential. Chem. Sci. 2011, 2011(3), CSJ-29.

Custodio, J. M. F.; Faria, E. C. M.; SallumQ.; Duarte, V. S.; Vaz, W. F.; De
Aquino, G. L. B.; Carvalho, P. S.; Napolitano, H. Be Influence of Methoxy
and Ethoxy Groups on Supramolecular Arrangemeiinaf Methoxy-
ChalconeslJ. Braz. Chem. So2017, 28 (11).

Avupati, V. R.; Rajendra, P.; Yejella, P. CHBONES: A Mini Review.W. J.
Pharm. Pharm. Sck014, 3 (10), 1713-1742.

Amanaganti, J.; Subhashini, N. Potencial Bjatal Activity of Chalcones: A
Review.Int. J. Chem. ScR013, 11 (3), 1335-1341.

Wang, Z. Claisen-Schmidt CondensatiGompr. Org. Name React. Reagents
2010, 660—-664.

Dong, F.; Jian, C.; Zhenghao, F.; Kai, G.;idnd), L. Synthesis of Chalcones via
Claisen — Schmidt Condensation Reaction Catalyyeficlyclic Acidic lonic
Liquids. Catal. Commun2008, 9, 1924-1927.

Prasad, Y. R.; Rao, A. L.; Rambabu, R. Synthasd Antimicrobial Activity of
Some Chalcone Derivatives:Journal Chem2008, 5 (3), 461-466.

Lan, Y.; Chen, Y.; Xu, X.; Qiu, Y.; Liu, S.;il, X.; Liu, B. F.; Zhang, G.
Synthesis and Biological Evaluation of a Novel SaginReceptor Antagonist
Based on 3,4-Dihydro-2(1H)-Quinolinone ScaffoldaaBotential Analgesid&ur.
J. Med. Chen2014, 79, 216-230.

Won, S.-J;; Liu, C.-T.; Tsao, L.-T.; WengRl; Ko, H.-H.; Wang, J.-P.; Lin, C.-
N. Synthetic Chalcones as Potential Anti-Inflammgaind Cancer
Chemopreventive Agentkur. J. Med. Chen2005, 40 (1), 103-112.
https://doi.org/10.1016/j.ejmech.2004.09.006.

Kumar, R.; Mohanakrishnan, D.; Sharma, A.iéu, N.; Kalia, K.
Reinvestigation of Structure e Activity Relationsiof Methoxylated Chalcones
as Antimalarials Synthesis and Evaluation of 2 , 4 , 5-Trimeth&ostituted
Patterns as Lead Candidates Derived from Abund&midylable Natural b -
AsaroneEur. J. Med. Chen®010, 45 (11), 5292-5301.

El Sayed Aly, M. R.; Abd El Razek Fodah, H; Haleh, S. Y. Antiobesity,
Antioxidant and Cytotoxicity Activities of Newly $yhesized Chalcone
Derivatives and Their Metal Complexes DedicateBrofessor R. R. Schmidt on
the Occasion of His 79th Birthdalgur. J. Med. ChenR014, 76, 517-530.

Vaz, W.; Custodio, J.; Silveira, R.; Castha, Campos, C.; Anjos, M.; Oliveira,
G.; Valverde, C.; Baseia, B.; Napolitano, H. SysikeCharacterization, and
Third-Order Nonlinear Optical Properties of a NeedNgnane Analoguer.
Soc. Chem2016, 6 (79215-79227).



(14)

(15)

(16)

(17)

(18)

(19)

(20)

(21)

(22)

(23)

(24)
(25)

(26)

Sai Kiran, M.; Anand, B.; Siva Sankara Saj,N\ageswara Rao, G. Second- and
Third-Order Nonlinear Optical Properties of Bis-Giwae Derivativesd.
Photochem. Photobiol. A Che&114, 290, 38—42.

Abegdo, L. M. G.; Fonseca, R. D.; Santo®\.FSouza, G. B.; Barreiros, A. L.
B. S.; Barreiros, M. L.; Alencar, M. A. R. C.; Memuk;a, C. R.; Silva, D. L.; De
Boni, L.; et al. Second- and Third-Order Nonlin€gotical Properties of
Unsubstituted and Mono-Substituted Chalco@sem. Phys. LetP016, 648
91-96.

Krawczyk, P.; Pietrzak, M.; Janek, Tedizejewska, B.; Cysewski, P.
Spectroscopic and Nonlinear Optical Properties @ivNChalcone Fluorescent
Probes for Bioimaging Applications: A TheoreticadeExperimental Studyi.
Mol. Model.2016, 22 (6), 125.

Ali, M.; Elzupir, A.; Iorahem, M.; Suliman,;IModwi, A.; H, I.; Ibnaouf, K.
Characterization of Optical and Morphological Pntigs of Chalcones Thin
Films for Optoelectronics Applicatio@pt. J. Light Electron OpR017, 145,
529-533.

Maidur, S.; Jahagirdar, J.; Patil, P.; Chia,Quah, C. Structural
Characterizations, Hirshfeld Surface Analyses, Hmdd-Order Nonlinear
Optical Properties of Two Novel Chalcone Derivasivept. Mater. (Amst).
2018, 75, 580-594.

Patil, P.; Maidur, S.; Rao, S.; Dhamaprak&slCrystalline Perfection, Third-
Order Nonlinear Optical Properties and Optical lting Studies of 3,4-
Dimethoxy-4'-Methoxychalcone Single Cryst@lpt. Laser TechnoR016, 81,
70-76.

Chaudhry, A.; Irfan, A.; Muhammad, S.; Alit&ani, A.; Ahmed, R.; Jingping,
Z. Computation Study of Structural, Optoelectrcoemel Nonlinear Optical
Properties of Dynamic Solid-State Chalcone DerwateMol. Graph. Model.
2017, 75, 355-364.

Shetty, T.; Raghavendra, S.; Dharmaprakas@pS8cal Limiting Studies on
Chalcone Doped PMMA Polymer Filriviater. Today Proc2016, 3 (6), 2163—
2168.

Shkir, M.; AlFaify, S.; Arora, M.; Ganesh,;\Abbas, H.; Yahia, I. S. A First
Principles Study of Key Electronic, Optical, Secamdl Third Order Nonlinear
Optical Properties of 3-(4-Chlorophenyl)-1-(PyriénYl) Prop-2-En-1-One: A
Novel D-pi..n-A Type Chalcone Derivative. Comput. Electror2018, 17 (1),
9-20.

AlFaify, S.; Shkir, M.; Arora, M.; Irfan, AAlgarni, H.; Abbas, H.; Al-Sehemi,
A. G. Quantum Chemical Investigation on Moleculau&ture, Vibrational,
Photophysical and Nonlinear Optical Properties Diiteoninium Picrate: An
Admirable Contender for Nonlinear Applicatiods.Comput. Electror2018, 17
(4), 1421-1433.

SADABS; APEX2; SAINT. Bruker AXS Inc. Wiscoims Madison 2009.

Sheldrick, G. A Short History of SHELXActa Crystallogr. Sect. 2008, 64,
112-122.

Bruno, I.; Cole, J.; Edginton, P.; Kessler; Macrae, C.; McCabe, P.; Pearson,



(27)
(28)
(29)

(30)

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)
(39)

(40)

J.; Taylor, R. New Software for Searching the Caddga Structural Database
and Visualizing Crystal Structure&cta Crystallogr. Sect. B0O02, 58, 389-397.

Farrugia, L. ORTEP-3 for Windows - a VersmfirORTEP-IIl with a Graphical
User Interface (GUI)J. Appl. Crystallogr1997, 30, 565.

Spackman, M. A.; Jayatilaka, D. Hirshfeld f&ae AnalysisCrystEngComm
2009, 19-32.

Hirshfeld, F. L. Spatial Partitioning of ClgarDensitylsr. J. Chem1977, 16,
198-201.

McKinnon, J.; Spackman, M.; Mitchell, A. Ndviools for Visualizing and
Exploring Intermolecular Interactions in Molecufarystals.Acta Crystallogr.
Sect. B2004, 60, 627—668.

Soudani, S.; Ferretti, V.; Jelsch, C.; Lefeh¥.; Ben Nasr, C. Crystal Structure,
Hirshfeld Surface Analysis, Quantum Mechanical $tadd Spectroscopic
Studies of Noncentrosymmetric (S)Nicotiniumtrichdtmzincate Monohydrate
Complex.Inorg. Chem. Commu015, 61, 187-192..

David, W. I. F.; Shankland, K.; van de StregkPidcock, E.; Motherwell, W. D.
S.; Cole, J. C. DASHA Program for Crystal Structure Determinatiomfro
Powder Diffraction Datal. Appl. Crystallogr2006, 39 (6), 910-915.

Scott, A. P.; Radom, L. Harmonic VibratiofraéquenciesAn Evaluation of
Hartree—Fock, Mgller—Plesset, Quadratic Configoratnteraction, Density

Functional Theory, and Semiempirical Scale FactbrBhys. Chenl996, 100
(41), 16502-16513.

Barnes, L.; Schindler, B.; Allouche, A.-Rint®n, D.; Chambert, S.; Oomens, J.;
Compagnon, I. Anharmonic Simulations of the Vilwaal Spectrum of Sulfated
Compounds: Application to the Glycosaminoglycangamant Glucosamine 6-
Sulfate.Phys. Chem. Chem. Phy815, 17 (39), 25705-25713.

Fonseca, T. L.; Sabino, J. R.; Castro, M.Geprg, H. C. A Theoretical
Investigation of Electric Properties of L-ArginiRhosphate Monohydrate
Including Environment Polarization Effects.Chem. Phy<010, 133(14),
144103.

Santos, O. L.; Fonseca, T. L.; Sabino, J&egrg, H. C.; Castro, M. A.
Polarization Effects on the Electric PropertiedJofa and Thiourea Molecules in
Solid Phasel. Chem. Phy2015, 143(23), 234503.
https://doi.org/10.1063/1.4937481.

Santos, O. L.; Sabino, J. R.; Georg, H. Gndeca, T. L.; Castro, M. A. Electric
Properties of the 3-Methyl-4-Nitropyridine-1-Oxy@@OM) Molecules in Solid
Phase: A Theoretical Study Including EnvironmenaRpation EffectChem.
Phys. Lett2017, 669, 176-180.

Valverde, C.; Osorio, A. P. F.; Fonseca, .T.Baseia, B. DFT Study of Third-
Order Nonlinear Susceptibility of a Chalcone Crystdnem. Phys. LetR018.

KLEINMAN, D. A. Nonlinear Dielectric Polarizen in Optical MediaPhys.
Rev.1962, 126, 1977-1979.

Senthil, K.; Kalainathan, S.; Kumar, A. Rra&indan, P. G. Investigation of
Synthesis, Crystal Structure and Third-Order NLOpRrties of a New



(41)

(42)

(43)

(44)

(45)

(46)

(47)
(48)

(49)

(50)

(51)

(52)

(53)

(54)

(55)

Stilbazolium Derivative Crystal: A Promising Matarfor Nonlinear Optical
Devices.RSC Adv2014, 4 (99), 56112-56127.

Frisch, M. J.; Trucks, G. W.; Schlegel, H; Bcuseria, G. E.; Robb, M. A;;
Cheeseman, J. R.; Scalmani, G.; Barone, V.; MennBgcPetersson, G. A.; et
al. Gaussian 09, Revision A.0Zaussian Inc Wallingford CTGaussian, Inc.
2009, p Wallingford CT.

Yanai, T.; Tew, D. P.; Handy, N. C. A New HligbExchange—Correlation
Functional Using the Coulomb-Attenuating Method (@83LYP). Chem.
Phys. Lett2004, 393 (1-3), 51-57.

Krishnan, R.; Binkley, J. S.; Seeger, R.;|IBpp. A. Selficonsistent Molecular
Orbital Methods. XX. A Basis Set for Correlated WdwnctionsJ. Chem.
Phys.1980, 72 (1).

Ramos, R.; da Silva, C.; Guimaraes, F.; MartF. Polymorphism and
Conformerism in Chalcone€rystengComn2016, 18, 2144—-2154.

Chantrapromma, S.; Ruanwas, P.; Fun, H. {E-Amino-Phen-YI)-3-(3,4,5-
Trimeth-Oxy-Phen-YI)Prop-2-En-1-OnActa Crystallogr. Sect. E011, 67,
2485-2486.

Attar, S.; O’'Brien, Z.; Alhaddad, H.; Golde¥,; Calderén-Urrea, A. Ferrocenyl
Chalcones versus Organic Chalcones: A Comparativdy®f Their
Nematocidal ActivityBioorg. Med. Chen011, 19, 2055-2073.

Silver, N.; Boykin, D. Substituent Effects the Carbonyl Stretching Frequency
of Chalcones]. Org. Chem1970, 35 (3), 759-764.

Opletalova, V.; Harti, J.; Palat Jr, K.; Rake Conformational Analysis of 2-
Hydroxy-2',5’-Diazachalconesl. Pharm. Biomed. Ana2000, 23 (1), 55-59.

Koziowski, D.; Trouillas, P.; Calliste, C.;avkal, P.; Lazzaroni, R.; Jean-Luc, D.
Density Functional Theory Study of the Conformasibrtlectronic, and
Antioxidant Properties of Natural ChalcondsPhys. Chem. 2007, 111(6),
1138-1145.

Pavia, D. L.; Lampman, G. M.; Kriz, G. S.;wjan, J. Alintroduction to
Spectroscopysth Editio.; Cengage Learning: Mason, Ohio, 2015.

de Toledo, T. A.; da Costa, R. C.; BentoRRF.; Al-Maqtari, H. M.; Jamalis, J.;
Pizani, P. S. Studies on Structural, Optical, Theramd Vibrational Properties of
Thienyl Chalcone Derivative: 1-(4-Nitrophenyl)-3-Thienyl)Prop-2-En-1-One.
J. Mol. Struct2018, 1155 634-645.

Panicker, C. Y.; Varghese, H. T.; John, M.Harikumar, B. IR , Raman and
Ab-Initio Calcualtions of 2 , 6-Dimethoxyphen@rient. J. Chem2008, 24 (3),
973-976.

Varsanyi, G.; Lang, lAssignments for Vibrational Spectra of Seven Huhdre
Benzene Derivativegssignments for Vibrational Spectra of Seven Hedd
Benzene Derivatives; Wiley: New York, 1974.

Ozdemir, U. O.; Giiveng, Bahin, E.; Hamurcu, F. Synthesis, Characterization
and Antibacterial Activity of New Sulfonamide Deaitwes and Their Nickel(ll),
Cobalt(ll) Complexesinorganica Chim. Act&2009, 362 (8), 2613—2618.

D'silva, E. D.; Podagatlapalli, G. K.; Venymd Rao, S.; Dharmaprakash, S. M.



(56)

Study on Third-Order Nonlinear Optical Propertiéd-dMethylsulfanyl
Chalcone Derivatives Using Picosecond Pulstger. Res. Bull2012, 47 (11),
3552-3557.

Poornesh, P.; Ravi, K.; Umesh, G.; Hegd&.PManjunatha, M. G.;
Manjunatha, K. B.; Adhikari, A. V. 3;8enzene-1,4-Diylbis[1-
(Substituted)Phenylprop-2-En-1-One] DerivativedNéw Class of Materials for
Third-Order Nonlinear Optical Application®pt. Commun2010, 283 (7), 1519—



Highlights

The new methoxy-aminochalcone presented has deviation from planarity because of
rotations in the propenone core;

An intramolecular H-bonding might help on the molecular stabilization;
The nonlinear optical properties of this chalcone is higher than others from literature;

Molecular properties are strongly dependent on the solvent used for calculations;



