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Abstract

The 2-methoxy-pyrido[1,2-a]Jquinoxalin-11-ylium brata (2MPQYB) crystal was characterized from
single crystal X-ray diffraction (XRD) and specttopy analysis. The fluorescence spectrum of the
compound showed one broad peak at 473 The supramolecular arrangement in solid state was
confirmed by 2D-fingerprint plots and Hirshfeld f&age analysis. An additional topological analysis
from quantum theory of atoms in molecules (QTAINHiights the observed halogen bonds on solid
state for2MPQYB. Also the supermolecule (SM) approach waedut simulate the crystalline
environment with 246,064 atoms and alprinitio calculation method, which includes the Density
Functional Theory (DFT) at CAM-B3LYP/6-311++G(d Je\vel, was used to estimate the crystal linear
refractive index and the third-order nonlinear sysibility at the frequency ab = 0.086 a.u. (A=532
nm) and the obtained values were 1.85 afid= 621.14 X 10722m?/V? respectively. Thig3-value is

up to 312.13 times greater than obtained for otbaganic crystals of the literature, thus indicgtthat

the 2MPQYB can be considered for various applicetiof NLO materials.

Keywords: UV-visible absorption; Fluorescence spectrumsHiield surface; linear refractive index; QTAIM

1 Introduction
The synthesis of new organic compounds with lai@inear optical (NLO) properties for potential

applications in photonic devices [1,2], as wellimspectroscopy [3,4], frequency modulators [5]d an

data transmission [6], has been subject of studgeskral works in the recent years. The organic



materials present several advantages as compatkednerganic materials, mainly due to the fact that
the NLO properties can be controlled by structamatifications or by changing the substituent ared th
functional groups on the starting reactants.

Among the organic compounds the Quinoxalines arangmortant class of heterocyclic compounds
used as dyes, pharmaceuticals and the moietysemprren number of antibiotics[7]. In the literatunely
similar tricyclic quinoxaline derivative, pyridofa]quinoxalin-11-ylium perchorate ([P1]CiOreported
which is formed by Cu(ll) mediated cyclization ofsemple Schiff base precursor (L1)[8]. Only three
other tricyclic heterocycles with similar structuaee known (Figure 1) [9-13]. Benzo[e]pyrido[2,1-
c][1,2,4]triazin-11-ium salts reported by Goswairnak are highly fluorescent and shows strong ligdi
with calf thymus DNA [12,13]. Pyrido[1,2-a] quindx@um ions reported by Chernavskaya et al. [10]
and structurally characterized by Duffy et al. §#lowed antimicrobial activity as well as pH sensiti
fluorescence. Except our earlier report [14], nohthese syntheses involves halogen.

Ligand oxidation due to metal reduction has beencwfrent interest and recently Reedjik et al
reported[15] synthesis of a leuco-verdazyl ringliggtion as a result of Mn(lll) reduction. Thus
considering the newness of the molecule, potenisal of pyrido[1,2-a]quinoxalinium derivatives as
fluorescent heterocyclic dyes and recent developmmiemetal mediated cyclization providing new type
of heterocyclic compounds. The result presentedhis manuscript shows that the reaction can be
extended to other moiety and the choice of metal ao Br/l, as oxidizer. Few selected methods
reported for structurally close molecule involveltnstep synthetic protocols, which is both laboda
chemical intensive [16]. Therefore, synthesis andthglete characterization of this special class of
qguinoxaline (i.e. pyrido [1,2-a]quinoxaline and dizied salt) is of importance as it may help mediktin
and material chemist to develop scaffold/matermsed on this core. Considering this challenge, we
present herein a facile method to synthesize hakigd product, 2-methoxy-pyrido[1,2-a]quinoxalin-

11-ylium bromide.




Figure 1. Molecular structures of (a) pyrido[l@ahoxalin-11-ylium, (b) Benzo[e]pyrido[2,1-
c][1,2,4]triazin-11-ium, (c) Pyrido[1,2-a]quinoxak Phosphate and (d) Pyrido[1,2-a]quinoxalinium

ions.

In this work we described the synthesis, crystafion and X-ray characterization of 2-methoxy-
pyrido[1,2-a]quinoxalin-11-ylium bromide (2MPQYBMirshfeld surface analysis and the fingerprints
plots were used to highlight and quantify the masportant interactions in the crystal. The
Supermolecule (SM) approach was used to simulaectistalline environment polarization on a
molecule of the 2MPQYB where a bulk with 246,06d4na¢ was build. Using the density functional
theory (DFT) at CAM-B3LYP/ 6-311++G(d,p) level tHmear polarizability and the second order

hyperpolarizability, as function of the electrielti frequency, were calculated.

2 Experimental and Computational Procedures
2.1 Synthesisand crystallization

2.1.1 Synthesisof 4-M ethoxy-N-pyridine-2ylmethylenebenzenamine
Pyridine-2-carbaldehyde (0.43 g, 4.10 mmol) wasedddropwise to a methanolic solution (20 mL)

of p-methoxyaniline (0.50 g, 4.10 mmol). The reactiomtare was stirring for 2 h at room temperature,
the product did not precipitate. The solvent wasngletely removed through high vacuum and a light
yellow liquid was obtained. The compound was exé@drom reaction mixture by hexanex30 mL)
and evaporated to dryness a light yellow compouad wbtained. A dark crystalline compound was
obtained from a vacuum desiccator after 2 days. yikl of the product was found (0.50 g, 58%)
(Scheme 1). Characterization data #iM ethoxy-N-pyridine-2ylmethylenebenzenamine: Melting
point 52-53 °C. ESI-MS (M+B: Calcd 213.09; Found 213.09. UV/vis (MeOW)a nm €, Mcm™):
341 (15,000) 286 (12,000) 237 (16,000). IR (KBr,3m(HC=N) 1631,"H NMR (400 MHz, CDC}-

d;) & (ppm) 8.70 (1H,dJ = 4.8 Hz), 8.63 (1H, s, HC=N), 8.19 (1H,X= 8.0 Hz), 7.79 (1H, )= 7.6
Hz), 7.34 (1H, m) 7.34 ( 2H, m), 6.95 (2H, d8,= 8.8 Hz). HRMS (ESI) m/z [M+H] calcd for
Ci13H12N20: 213.1022 found: 213.1029.
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Scheme 1: Synthetic route of 4-M ethoxy-N-pyridine-2ylmethylenebenzenamine

2.1.2 Synthesisof 2-methoxy-pyrido[1,2-a]Jquinoxalin-11-ylium bromide
Molecular bromine (0.15 g, (49.0 uL) 1.00 mmol) vealed dropwise to a methanolic solution (10

mL) of 4-Methoxy-N-pyridine-2ylmethylenebenzenam{i®e20 g, 1.00 mmol). The color of the solution
was changed immediately from yellow to red withhiygintense blue fluorescence and a yellow
precipitate was formed within a minute. The reactuxture was continued stirring for another 2 heT
solvent was concentrated to 5 mL, a yellow powdas wbtained and was washed with acetone. Fine
needle- like yellow crystals were formed in 48 hdbgw evaporation from a methanolic solution. The
crystals were collected, washed with diethyl eteat dried over silica gel in vacuum desiccatorIdie
(0.14 g, 52%) (Scheme 2).

7\ M
(I /= Br, ©
=N N Me —>

\/ —N
\ 7

Scheme 2: Synthetic route of 2MPQYB

Br

Characterization data for 2-methoxy-pyrido[1,2-afgxalin-11-ylium bromide (2MPQYB): Melting
point 285-287 °C.Ay (MeOH): 119 S crh mol'. HRMS (ESI) m/z [M]+ calcd for GH1iN,O:
211.0871 found: 211.086 (Figure 2(a)). UV/ivis (MePRmax, nm €, M cni):272 (22,000), 243
(14,000), 305 (sh), 401(13,000). IR (KBr, ¥mv(C=N)1615. Fluorescence (MeOH)y;, 400 nm:Aem
473 nm.*H NMR (400 MHz, DMSO-g) & (ppm) 10.50 (1H, d = 6.8 Hz), 9.71 (1H, s), 8.95 (1H, d,
= 8.0 Hz), 8.90 (1H, t) = 8.4 Hz), 8.57 (1H, t) = 6.8 Hz) 8.51 (1H, s), 8.57 (1H, d= 9.2 Hz), 7.81
(H, d,J = 9.2 Hz), 4.12 (3H, s) (Figura 2(b)). The *H-COSY NMR spectrum of the compound are

shown Figure 3.
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Figure 2 (a) HRMS (ESI) mass spectrum and‘#)NMR spectrum with numbering scheme of 2-

methoxy-pyrido[1,2-a]quinoxalin-11-ylium bromidenly the aromatic region is shown for clarity).
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Figure 3 The'H *H-COSY NMR spectrum of 2-methoxy-pyrido[ladguinoxalin-11-ylium bromide in
DMSO-d; at 400 MHz (only the aromatic region is showndiarity).

2.2 X-ray Data Collection, Structure Solution and Refinement
Crystals of the compound 2MPQYB obtained duringtlsgsis were used for X-ray analysis. The

crystals were mounted on glass fiber. Absorptiomemtions were done using SADABS only as either
kinds of absorption did not help. After the initisblution and refinement with SHELXL, the final
refinements were performed on WinGX environmenh@stHELX97.Selected crystallographic data



have been summarized in TaldleThe crystals of both compounds were mounted ossdiéer. All

geometric and intensity data for the crystals vesi&ected at room temperature using a Bruker SMART
APEX CCD diffractometer equipped with a fine fodu35 kW sealed tube Mo\ = 0.71073 A) X-

ray source, with increasin@ (width of 0.3 per frame) at a scan speed of 3 s/frame. The SMART

software was used for data acquisition and the SA#idftware for data extraction. Structures were

solved and refined using SHELX97. All non-hydroggaoms were refined isotropically.

Table 1 Crystallographic data and structure refie@et of 2MPQYB

Chemical formula

M,

Crystal system, space group
Temperature (K)

a, b, c (A)

B

V (A3

Z

Radiation type

W (mni)

Crystal size (mm)
Diffractometer

Absorption correction

Trmins Tmax

No. of measured, independent and
observed [l > &(l)] reflections
Rint

(SiN 6/A)max (A ™)

R[F* > 26(F9)], wR(F), S

No. of reflections

No. of parameters

H-atom treatment

@H11N>O- Br
291.15
Monoclinic;/R2
296
7.7851 (8), 9.9092 (10), 15.3579 (16)
94.872 (7)
1180.5 (2)
4
Mo Kk
3.47
0.20 x 0.15 x 0.10
CCD area detector
multi-scan
0.544, 0.723
11277, 2070, 1479

0.073

0.594

0.059, 0.164, 1.01
2070
154

H-atom parameters constrained




Apmax, Apmin (e A_S) 1.19, -0.67
CCDC referencet546353

2.3 Hirshfeld Surface
In order to evaluate and analyze with details tlidesular packing and supramolecular arrangement

of 2MPQYB the Hirshfeld surface (HS) analyses ame 2D fingerprint plots were performed. The
Hirshfeld surfaces [17] and the associated 2D fimget plots [18] were calculated using Crystal
Explorer 17.5. Hirshfeld surface is a spatial magstructed by partitioning space into specifidorg
where the electron distribution of a sum of spla@riatoms for the molecule dominates the
corresponding sum over the crystal. Hirshfeld dedim weighting function w(r) [19] given by the mati
between the spherical mean of the all atoms ikecnle by the spherical mean of the all atomshén
crystal. The weighting function w(r) similarly cése defined by,

ZAmolecule Pa (T‘)
ZAcrystal Pa (T) '

w(r) =

1)

where the sums of the spherically-averaged atoteictren density centred on nucleus g, (r)) are
performed in the molecule (numerator) and in thegstal (denominator). The identification of the
regions of particular importance to intermoleculiateractions is obtained by mapping normalized
contact distanced(,,,-,), defined by,

vdw vdw
p _di—m d, — 1, 2
norm vdw praw -’ ( )
e

r

wherer?™ andr?? are the van der Waals radii of the atoms, drahdd, are the distances from the

point to the nearest atom off and within the swefagspectively. The donor and receptor regions of
molecular interactions are visualized in the norpeal HS with a color scale to define the intensity
the interactions.



2.4 UV-visible and fluorescence spectra of 2M PQYB.
The UV-visible absorption of 2MPQYB was recordedha wavelength range of 200 nm to 700 nm

using the commercial spectrophotometer (UV2450jrBatizu, Japan). The emission fluorescence
spectra were recorder in the visible region of 40@a 600nm, with a highest intensity peak in theebl

region.Fluorescence spectra were measured on fluoriméigorplog 3-21, HoribaJobin-Yvon, USA).

2.5 Computational procedures
The crystalline environment polarization on a molecof the 2MPQYB is simulated by the

Supermolecule (SM) approach, where a bulk with 8,d8it cell each with four asymmetric units
totalizing 246,064 atoms was build, Figure 4 illagts the bulk with one explicit molecule of 2MPQYB
(highlighted in green) in the center.

Figure 4: Schematic representation of the 2MPQYR.bu

The SM approach considers atoms around the 2MPQ@¥Bited molecule as punctual charges. The
iterative process of the supermolecule approach) (Skéken in several steps: initially we determine
electrical charge of each atom of the asymmetrit; using the Chelpg method, which is performed by
adjusting the molecular electrostatic potentiale Partial atomic electric charges of each atomhef t
isolated molecule are then replaced at each ataimedbulk. The SM iterative approach was calculated
using the density functional theory (DFT) with thenctional CAM-B3LYP and the 6-311++G(d,p)
basis set. The SM process finish with the convergeri the total dipole moment [20-29] given by the



1
expressionu = (u2 + p2 + p2)2. The obtainedu-value after six calculation steps was 17.12D (see
Figure 5). The efficiency of the SM approach todete the macroscopic third-order nonlinear optical
(NLO) properties of the organic crystals was wedtablished in several recent works which the

theoretical results are found be near of the erpetal results [29-31].

Dipole Moment

13.5-I kK T ¥ T ¥ T & T ! T t T
0 1 2 3 4 5 6

Iteration Step

Figure 5. Dipole moment (D) as function of theat&yn steps.

In the present work the third-order nonlinear spsibéity (y®) of the 2MPQYB crystal we use the

following expression,

x®(—w;0,0,-w) =

N [((n(w)*+2)
€, Vie ( 3

4
) Y(~w; w, w, —w)), ()

whereg, is the vacuum permittivity),. is unit cell volume, and N is the number of molesun the
unit cell andy (—w; w, w, —w)) is the average second hyperpolarizability assediai nonlinear optical
process of the intensity dependent refractive indBRI) that was calculated through the relation fo
small frequencies [32{y(—w; w, w, —w)) = 2(y(—w; w,0,0)) — (y(0; 0,0,0)) and the average second
hyperpolarizability is given by,



1
)= 15 Z (Vitjs + Vijij + Vigjo)- (4)

i,j=x,y,Z

The refractive index(w) values were determined through the Clausius-Mtgsstdtion given by,

n(w)* -1 _
n(w)2+2

4
3V (a(—w; w)), (5)

and the dynamics average linear polarizability(¢ w; w))) was calculated through the expression,

@-ww) =3 2 w(-0;0) ©

i=x,y,z

All the numerical calculations were performed a DFT/CAM-B3LYP/ 6-311++G(d,p) level via
Gaussian-09 [33] software package and the outjguaife converted by the electronic units (esu).

3 Results and discussions

3.1 Crystal Structureof 2MPQYB
The title organic salt, GH1:N>O™ Br (2MPQYB) was synthesized by the reaction of thedaye

derivative Schiff base (4-Methoxy-phenyl)-pyridiryEnethylene-amine) with molecular bromine. The
asymmetric unit contains a 2-methoxy-pyrido[1,2e@gxalin-11-ylium cation, with a protonated
pyridine moiety and a bromide anion. The asymmaeiniit of the titte compound contains a discrete 2-
methoxy-pyrido[1,2-a]quinoxalin-11-ylium cation Wwita protonated pyridine moiety, and a bromide
counter-anion (Figure )6 The cation is non-planar compared to the preWousported structures
[14,34]. The mean plane of the pyridine ring forandihedral angle of 24.2 (4)° with the benzene ring
and 14.6 (4)° with the pyrazine ring of the fusgdtesm. The dihedral angle between the pyrazine and
the benzene ring is 11.5 (4)° shorting the C10—3adce of 1.367 (9)A , compared to the usual
aromatic C—Nmine Single bond distance of 1.43 (3) A. This fact midie due to the electron
withdrawing effect of the positively charged pyrnidiN atom, and the ortho-substituted bromine atom



which decreases the C—hhe bond order. Other C—C and C—N bond distances aiéwithin the
limits expected for aromatic rings [8]. The bondtdnces, angles and dihedral angles of compound
2MPQYB are provided in Table S1 (supplementary).filk view of the packing of the compound is
given Figure 7Present also in the cations are intramolecular C433---Brl, C10—H10---Brl and
C3—H3---Brl interactions 3.529 (6), 3.743 (7), 9.@) A, respectively (Figure 8, Table 2)

Figure 6.The molecular structure of the title compound, it atom labeling and displacement

ellipsoids drawn at the 40% probability level.

Figure 7. A view of the 2MPQYB packing
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Figure 8.A view of the hydrogen-bonded trimer of the titengpound. Dashed lines indicate hydrogen

bonds.

Table 2 Hydrogen-bond geometry (A, °)

D—H--A D—H H--A D--A D—H--A
C13—H13---Br1 | 0.93 2.64 3.529 (6) 161.1
Cl2—H12---01 | 0.93 2.56 3.445 (7) 158.0
C3—H3---Brt 0.93 2.84 3.719 (6) 158.3
C8—HS8---Brt 0.93 2.91 3.770 (7) 153.7
C10—H10---Br1 | 0.93 2.88 3.743 (7) 155.1

Symmetry codes: (i)x+3/2,y+1/2, z+3/2; (i) x-1/2, y+3/2,z+1/2; (iii) —x+2, -y+1, —z+1; (iv)

-x+3/2,y-1/2,-z+3/2.



3.2 QTAIM Analysis
An additional topological analysis was performedngsthe QTAIM methodology [35-37] at the

theoretical level DFT/B3LYP/6-311+G(d) [38] couplad the Gaussian09 package and by Multiwfn
software [39]. According to the concepts of quantthremistry the observable properties are present in
the electron density(r) and energy density [40,41]. The figure 9 shdlas existence of bond critical
point (BCP) for 2MPQYB compound interactions.

Figure 9. Representation of bond critical poi#@€P) for 2MPQYB indicating the bond paths analyzed
in Table 3.

The observables of each BCP can be seen in TahbleeBe p(r)] electron density[V2p(r)] is the
Laplacian of electron density; V(r) is the potehtaergy density; Gj and H¢) are the Lagrangian
kinetic energy and electronic energy density repely, which was obtained through the equation
H(r) = G() + V(r). For hydrogen bond&?p(r) is positive andp(r) is small and the interaction
character can be measured by the indicators:V@)(r) < 0 and H(r) < 0 ; strong interactions with
covalent character, (2F%p(r) > 0 and Hf) < 0 ; medium strength and (3)?p(r) > 0 and H() > O ;

weak interactions with electrostatic character427,,



Table 3. Topological analysis performed via QTAIM PMPQYB, all data are in a.u..

BCP P(Tvep) VZP(Tbcp) V(Tpep) G(rpep) H(rpep) Interactions
1 0.0182 0.0511 -0.0103 0.0115 0.0012 C13—H13--:Brl
2 0.0094 0.0330 -0.0059 0.0071 0.0012 Cl12—H12.---01
3 0.0121 0.0348 -0.0060 0.0073 0.0014 C3—HS3---Br1
4 0.0112 0.0315 -0.0054 0.0067 0.0012 C8—H8:--Br1
5 0.0117 0.0334 -0.0057 0.0071 0.0013 C10—H10---Brl

The electrostatic hydrogen bonds are confirmechbysmall values g¥(r) and the positive values H(r).
As the Laplacian of electron density is positi#&p(r) > 0, the electron density is less than 0.10 a.u.

(p(r) < 0.10 a.u.) and electronic energy density isitmes(H(r) > 0) all interactions in Table 3 are
closed-shell interactions.

3.3 Hirshfeld surfacesand 2D fingerprints
The Hirshfeld surface (HS) and the associated 2Defiprint plots were calculated using Crystal

Explorer software. The intercontact are highlighbgdconventional mappindyorm, de, di and the 2D-
fingerprint plots. By this way it was possible Ve the set of present interactions, but alsorétetive
area of the surface corresponding to each interaciihe red and white spots @{orm HS (Figure 10)
highlight shorter contacts, the white, represemtacts around the van der Waals separation ancthe

represent contacts smaller than the sum of vamials radii. The red region indicate hydrogen bonds
(Figure 10).



Figure 10. Hirshfield surfaceem (isovalue = 0.5) highlighting the classical hydeagnteractions.

The 2MPQYB fingerprint plot (Figure 11) indicatdsat G--H type interactions, which are shaped
like a pair of sharp-tipped wings, have 14.4% ofsHield's total surface. Other relevant contribngio
related to 2MPQYB intermolecular interactions dfie:O 5.3%, N:-H 6.6%, Br--H 25.4%, C--C 7%
and H--H 36.6%.
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Figure 11. Fingerprint plotting, exposing key iateions.

The G:-H contacts of the compound indicate a non-clasgitataction that makes an important

contribution to the stability of the crystallinegkage.

34 UV-VISspectral analysis

The UV-VIS absorption spectrum from 200nm up tondds shown in the Figure 12)(as can be
seen the absorption region cover the UV-range 6H&0<A < 401nm,also agood optical transmission
region can be noted between 401nm and 700nm. &bisshow that 2MPQYB crystal can be used for
NLO device fabrications.
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Figure 12. (a) UV-VIS absorption and (b) UV-VIBdaFluorescence of 2MPQYB

The emission fluorescence spectra showed in Fifjifle) covers the visible electromagnetic range
from 420nm to 600nm, with the highest emissionnsity in the blue region (473nm). Therefore the
difference between the excitation and emission péatockes shift) is of 73nm.

3.5 NLO propertiesof 2MPQYB crystal

Table S2 (supplementary file) shows the resultdHerelectric dipole moment for the 2MPQYB, for
both isolated and embedded molecule. As can be #emmpolarization effect of the crystalline
environment on the total dipole moment is significkor the 2MPQYB, the:-value for the embedded
molecule is 17.19D, presenting an increase of 2b.ifbcomparison with the isolated molecule. The
component presented the greatest increase due toyttalline environment polarization.

The dispersion relations of the average linearnmahility ((a(—w; w))) and of the linear refractive
index 1(w)) of 2MPQYB crystal in the electric field frequen@nge of 0 < w < 0.10 a.u. are shown

in Figure 13. As can be seen from Figure 13 theeslbf the both functionge(—w; w)) andn(w),



increases monotonically with the frequency incregsfrom28.1 x 10~ 2*esu to 35.5< 10~ **esu and

from 1.63 to 1.93 respectively.
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Figure 13. (a) Dynamic linear polarizability (9 ~2*esu) and the (b) linear refractive index as function

of the electric field frequency for 2MPQYB crystal.

Figure 14( shows the hyperpolarizabilitie§ (—w; w,0,0)) and (y(—w; w,w, —w)) as

function of the frequency. Both functions startnfrahe static valudy(0;0,0,0)) = 35.88 X

10 3%esu,

and at the frequency ofv = 0.086a.u.

the value of the

IDRI

second

hyperpolarizability (y (—w; w, w, —w))) is 122.7X 10~ 3%esu, that is 54.8% greater than the dc-

Kerr second hyperpolarizabilityf(—w; w, 0,0))).



1400

n ®
= a 1 b @
= ) ' @ 12004 ) !

] 1 !
T 0l V(ww,00)) © | i
§ | ® 3: 10004 ®
§ 1604 (Y (—w; 0,0, —w)) @ . 3 8001 Py
() 7 / e 1 /
S 1201 Iy 3 600 .P
) 1 , o — .
g: 80 # 0 @ 4004 ®

_ ¥ i Nt ] -9
I _ o-® -®
- 4070-—-&==~&8 = 200 gmmm --0--~"®
™ 000 002 004 006 008 0.10 000 002 004 006 008 0.10
w(a.u.) w(a.u.)

Figure 14. (a) Average second hyperpolarizabilitigs 1073¢esu) and (b) third-order nonlinear

susceptibility (in10722m?/V?2) as function of the electric field frequency faWiRQYB crystal.

The third-order nonlinear susceptibility values fasction of the frequency are shown in Figure
14(b). They3-values goes from the static value 81.61 x 10722m?/V?2 to0 1327.58 x 10~22m?2/V?
at w = 0.10 a.u., that is 6.3 times greater than static value.«At 0.086 a.u. (\=532nm) y3 =
621.14 x 107%2m?/V?, this value is 3.4 times greater thpé static value. All values of the dipole
moment, linear polarizability, refractive index,dathird-order susceptibility are in the Tables S2-S
(supplementary file).

Table 4 shows experimental results for the thidieorsusceptibility obtained for some organic
crystals. As can be noted tlé-value for 2MPQYB is greater than the values praskin the Table 4.
Particularly the present result for 2MPQYB is 2titdes the experimental value obtained for SMPNP
[43] and 312.13 times larger than thé-value for (2E)-1-(3-bromophenyl)-3-[4 (methylsuifd)
phenyl]prop-2-en-1-one crystal [44], therefore thenlinear optical properties of 2MPQYB are
significant and can be explored for potential usBILO devices.

Also Table 4 shows results for the refractive indéxsome organic materials and for 2MPQYB
crystal at frequencw = 0.086 a.u. (A=532nm), which is the frequency where the Z-scguegment

are frequently performed to measure the third-ondedinear susceptibility.



Table 4. Linear refractive index and third-ordenimear susceptibility10~22m? /V?) results for some
organic materials and for 2MPQYB at wavelength 32/m.

n(w)) x®(—w;w,w,-w)

2MPQYB (this work 1.85] 621.13°
(2E)-3-(3-methylphenyl-1-(4-nitrophenyl)pror2-er-1-one SMPNF[43] 1.41¢ 277.10(
(2E)-3-(3-methylphenyl-1-(4-nitrophenyl)pror-2-er-1-one[29] 2.00z 176.40(
4,€-dichlorc-2-(methylsulfonyl) pyrimidin{45] 1.61: 56.74(
(E)-3-(2-bromophenyl-1-(2-((phenylsulfonyl)amine-phenyl)proj-2-er-1-one[46]  1.68( 25.70(
1-(5-chlorothiophe-2-yl)-3-(2,3-dimethoxyphenyl)prc-2-er-1-one[43,47 1.59¢ 23.83(
1-(5-chlorothiophe-2-yl)-3-(2,3-dichlorophenyl)pro-2-er-1-one[48] - 16.21(
2-(4-methylphenoxy-NO-[(1E)-(4-nitrophenyl)methylene]acetohydrazi[49] - 10.24(
1-(4-aminophenyl-3-(3,4,t-trimethoxyphenyl)pro-2-er-1-one[50] - 8.70(
(2E)-3 [4 (methylsulfanyl)pheny-1-(4-nitrophenyl)pro|-2-er-1-one[44] 1.36: 2.37(
(2E)-1-(4-bromophenyl-3-[4-methylsulfanyl) phenyl]prc-2-er-1-one[44] 1.36¢ 2.30(
(2E)-1-(3-bromophenyl-3-[4 (methylsulfanyl) phenyl]prc-2-er-1-one[44] 1.36( 1.99(

4 Conclusion

A new organic crystal 2-methoxy-pyrido[1,2-a]quiadir-11-ylium bromide (2MPQYB) was
synthesized by a slow evaporation technique. 8inglstal X-ray diffraction analysis confirms thhae
2MPQYB crystallizes in the R& centrosymmetric monoclinic space group. The gores of carbon
and proton is confirmed b4 NMR and®*C NMR spectral analyzes. In addition, fluorescespectra
were obtained and shown a Stokes shift of 73nm.ci&talline environment was simulated using the
SM approach at DFT/CAM-B3LYP/6-311++G(d, p) leveldathe total dipole moment (u), the average
linear polarizability (a(—w;w))) and the IDRI average second hyperpolarizability
(y(—w; w, w, —w))), the linear refractive index (mw)) and the third order macroscopic susceptibility
(x® (—w; w, w, —w)) of the 2MPQYB structure were calculated. The tgpi@lue ofy® reported in the
literature is of the order ofl0~22 (m/V)?[51]. The 2MPQYB crystal presented a third order
macroscopic susceptibilityy = 621.14 x 10722m?/V?) at w = 0.086 a.u. (A=532nm) higher than
some experimental results founded in the literaieble 4). The theoretical results obtained farh
value for the 2MPQYB crystal is between 2.24 an@.B2 times the reported experimental results for

some organic crystals that are presented in théeTabTherefore, 2MPQYB crystal is a promising
material for use in nonlinear optical device.
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