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Synopsis Three sulphonamide chalcones are characterized.p@isons between the substitution

patterns and optical properties are made.

Abstract

In this paper, we present the synthesis of thre@cohe analogues and their spectroscopic,
structural and optical characterization. The inflecee of the different substituents on the
crystalline structure and on their optical propestivas evaluated. The effects of derivatization
on the chalcones, both at the molecular and supezmar levels, were evaluated. Also, the
molar absorptivity, the first hyperpolarizabiliffy and the two-photon absorption cross-section
oopa Were obtained. The extended structures in eachpocond are stabilized by hydrogen-
bonded dimers and by a pseudo-ring formed fromnégnarnolecular H-bond. It was observed
that more voluminous substituents, such as chlpdoetribute to the deviation from planarity.
Although many effects were observed in molecularcstires of these analogues when in solid
form, experimental results of linear and nonlinear opt{®LO) properties showed that the
optical properties were not as much influencedalut®n. In addition, and to support some
experimental results, the theoretical first hypéappability was calculated and showed good

agreement with experimental results, which are@pprately10 x 1073° cm®/esu.
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1. Introduction

Chalcones are a class of natural compounds witly egathesis that have been
extensively studied, showing to be promising conmatsufor diverse applicatiors®. Optically
active materials can be designed and improved fitancombination of chalcones with other
compounds that also have known applicafidh For example, the association of chalcones with

coumarins™®** imino *® and indole®*’

groups have formed new functional hybrid materials
Among them, knowing the molecular structure of @odfmide chalcones is important when
considering their biological applicatiod&?° The crystallographic description of sulfonamide
chalcones appears in just a few pap@ré® and reports of their application as functional

materials is also scarce.

There are some examples regarding how structuratiifivations affect optical
properties. Gu and coworkers reported a proportimtaease between NLO properties and the
electron donor strengtf®. According to da Silva and coworkers, the preseoicénter and
intramolecular interactions in chalcone co-crystatproves the second harmonic generation

efficiency 2.

Also, the relationship between hyperpolarizapilivalues and structural
modifications of a chalcone set was studied: theeki values were found for less conjugated
and dimeric systems, while the highest values @ued for compounds with strong electron

acceptorg®,

In this sense, we sought to determine if there simictural modifications in
sulphonamides chalcones that also retain their dk@perties. This paper presents synthesis,
crystallographic analysis and optical propertiesedsination of three new hybrid chalcone
derivatives consisting of chalcone backbone linkeith a sulphonamide group. The three
compounds synthesized are: (E)-3-(2-chloropheryB-Iphenylsulfonylamine)phenyl)prop-2-
en-1-one i{ ), (E)-3-(2-fluoro-phenyl)-1-(2-(phenylsulfonylan@yphenyl)prop-2-en-1-ondli()
and (E)-3-(4-fluorophenyl)-1-(2-(phenylsulfonylarajphenyl)prop-2-en-1-one ).
Considering the different medium of crystal struetwletermination (solid state) and optical

properties (DMSO solution), we also simulated tbaformations ofll, Il andIV in DMSO
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medium. Finally, the influence of the substitutionss evaluated against on their crystal
structures and, in solution, on their optical pmips, such as one- and two-photon absorption
spectra and molecular second harmonic generatioystdllization process of these type of

compounds gives the possibility of optical secomdntonic generation organic crystals to be

employed at the VIS-NIR region, which is the adequagion for optical communicaticiis™
2. Experimental and computational procedures
2.1. Synthesis and Crystallization

2.1.1. General procedures

Compound 2N-phenylsulfonyl acetophenonke was synthesized by reaction between
benzenesulfonyl chloride and 2-aminoacetophenonéichloromethane, following literature
methods*. Three 2N'-sulfonamide chalcones were synthesized (compolnts!V ) by means
of Claisen-Schmidt condensation between thand a substituted benzaldehyde via basic

catalysis in ethanolic medium.

2.1.2. Characterization

'H NMR and®*C NMR spectra were recorded by a 400 MHz Brukern®ealll 11.75 T

NMR spectrometer. UV-Vis absorption spectra wemorded with a PerkinElmer Frontier Dual
Range. FT-IR spectrum was measured in Attenuatddl Reflectance mode in a Spectrum
Frontier equipment. Mass spectrometric analyses werformed using a MicrOTOF-Q® |lI
spectrometer equipped with a commercial ESI ions@(Bruker Daltonics, Bremen, Germany).
The degree of purity of the compounds was deteminfnem the’H NMR spectrum, by peak
area integration assigned to the structure andotiakarea of all peaks attributed to the material
under analysis. Absorption and fluorescence sp&atra measured in the UV-vis-NIR region by
using, respectively, a SHIMADSZU UV-1800 and HITACH7000 fluorimeter. For both
measurements, a 10 mm optical path length fusexh silvette was filled with sample solution.
Chromospheres were dissolved in Dimethyl SulfoXid®SO) in a concentration of about ™10

mol/L.



2.1.3. Synthesis and physicochemical characterization

The synthesis and physicochemical characterizatdn compound, 1-(2-(phenylsulfonyl-
amine)phenyl)ethanoné) and, E)-3-(2-chlorophenyl)-1-(2-(phenylsulfonylamine)plybprop-2-en-1-
one(ll) , was reported by Demetrius and coworkerBhe synthesis and physicochemical characterizatio
of compoundslll and IV are described below. Claisen-Schmidt condensataaction between
compound | and 2-fluorobenzaldehyd#l Y and 4-fluorobenzaldehyddV() was used to synthes

compoundsll andlV.

The synthesis ofH)-3-(2-fluorophenyl)-1-(2-(phenylsulfonylamine)phg)prop-2-en-1-
one (Il ) was performed using 20.0 mmol of intermediat22.0 mmol of 2-fluorobenzaldehyde
and 28.0 mmol of potassium hydroxide as catalyse fleagents were dissolved in 200 mL of
ethanol and stirred at room temperature. Afteri2.the reaction was quenched by addition of
37% (w/w) hydrochloric acid in equimolar amountsptmtassium hydroxide. The solution was
filtered, the precipitate suspended in solution ethanol and water, and extracted with
dichloromethane. The non-agueous phase was dri¢hl sadium sulfate and allowed to
evaporate for crystallization. The crystals werlected and rinsed with ethanol. Yield 54.2 %
of a yellow crystalline solid, degree of purity:%7mp 136 — 138C. *H NMR (CDCk) & 7.15
(m, 2H); 8 7.21 (t,d 7.60 Hz, 1H): 7.40 (m, 4H):5 7.46 (d,J 15.85 Hz, 1H)3 7.50 (t,d 7.65
Hz, 1H);5 7.58 (t,J 7.63 Hz, 1H) 7.75 (d,J 15.80 Hz, 1H)p 7.76 (d,J 8.25 Hz, 1H)3 7.83
(m, 3H);8 11.17 (s, 1H) (Fig. S3}°C NMR (CDC}) 6 116.41 (d,J 21.99 Hz), 120.81, 122.60
(d,J 11.31 Hz), 123.24, 124.670 @3.11 Hz), 124.673 (dl 12.70 Hz), 127.24, 129.00, 130.00
(d,J 2.58 Hz), 130.73, 132.33 (d,8.90 Hz), 132.88, 134.48, 138.71, 139.38, 139164,79 (d,

J 255.01 Hz) (Fig. S4), 192.86; IR 1645 (m), 1491),(&B31 (m), 931 (m), 756 (s); HRMS
calculated for [GH16FNOsS+H]" = 382.0913, found 382.0727; {#116FNOsS+Na] 404.0733,
found 404.0553.

The synthesis of H)-3-(4-fluorophenyl)-1-(2-(phenylsulfonylamine)phdyprop-
2-en-1-onel{) was performed employing 20.0 mmol of intermediat21.7 mmol of 4-
flu-orobenzaldehyde and 28.0 mmol of potassium twide dissolved in 200 mL of
ethanol and stirred at room temperature. Afterd stirring, the reaction was quenched
by addition of 37% (w/w) hydrochloric acid in equwtar amounts to potassium
hydroxide. The solution was filtered, the precif@tauspended in solution of ethanol and

water, and extracted with dichloromethane. The Ididethane phase was dried with
4



sodium sulphate and allowed to slowly evaporatectgstallization. The crystals were
collected and rinsed with ethanol. Yield, 3.30 ¢.880) of a yellow crystalline solid,
degree of purity of 97%, mp 136 — 139. *H NMR (CDCk) & 7.12 (m,*H); § 7.28 (d, J
15.55 Hz,*H); § 7.39 (m, 2H);3 7.44 (m,*H); & 7.49 (ddd, J 1.46 Hz, 7.26 Hz, 8.46 Hz,
'H); § 7.60 (m,H); & 7.65 (d, J 15.55 HZH); & 7.75 (dd, J 0.67 Hz, 8.38 HHl); & 7.83
(m, 3H); & 11.20 (s;*H) (Fig. S5);**C NMR (CDC}) & 116.30 (d, J 21.78 Hz), 120.67,
121.75 (d, J 2.25 Hz), 123.16, 124.66, 127.26, A29130.57 (d, J 8.79 Hz), 130.58,
130.72 (d, J 3.24 Hz), 132.88, 134.42, 139.46,939144.68, 164.33 (d, J 252.57 Hz),
192.56 (Fig. S6); IR 1645 (m), 1495 (m), 1332 (880 (m), 744 (m); HRMS calculated
for [CoiH1FNOsS+H]" = 382.0913, found 382.0798; JEl;sFNOsS+Na] 404.0733,
found 404.0628.

2.2. Crystallographic characterization

The single crystals selected for crystallographi@racterization were obtained by
evaporation of dichloromethane in ambient atmospf@r compound! and for compoundsl|
and IV the evaporation of the dichloromethane in an apheee rich in ethyl ether was the
methodology used to obtain the crystals. The singtstals were mounted in a Bruker APEX Il
CCD diffractometer with graphite-monochromator Mokadiation § = 0.71073 A). Data were
measured at room temperature. Structure solutiere wetermined by Direct Methods using
SHELXS software® and were refined by full-matrix least squaresFérusing SHELXL2014
software *>. All hydrogen atoms were placed in calculated fms$ and refined with fixed
individual displacement parametersf{H) = 1.2 or 1.5 U, (C)] according to the riding model
(C—H bond lengths of 0.97 and 0.96 A for aromatid methyl groups, respectively). Finally, the
chemical parameters were validated by means obPfatand Parst’ programs throughout the
WingX suite®. Tables and figures were generated by using Mgréuand ORTEP® programs.
Moleculesll, Ill and IV were deposited in the Cambridge Crystallographatabase Centre
(CCDC) under codes 1868826, 1868827 and 18688Zhectvely. Using the software
Gaussian, the conformations of Il, Ill and IV weienulated for DMSO medium and they were
found to be similar, so that the crystal structysebdperties can be extended to the aqueous
medium.



2.3. Nonlinear optical measurements

2.3.1. Two-Photon Absorption

Two-photon absorption (2PA) cross section specteewdetermined by employing
tunable femtosecond Z-Scan technidfieThis technique allows the quantification of tHeA2
cross section by monitoring the sample transmidtanthe sample is translated along (z-
direction) a focused intense laser beam. Chang#seimptical transmittance are acquired as a
function of the sample position (Z). Consequendéisound the focus, the transmittance of the
laser by the sample decreases proportionally toniheced 2PA. Further from the focal region,
the laser intensity diminishes and the nonlineaicapeffects (2PA) are not induced, resulting in
only linear optical transmittance. The ratio betwéee transmittance for each Z-position to the
transmittance away from the focus is defined aswtrenalized transmittance (T(z)), from which

the 2PA cross section can be evaluated by empldying1). Further details se®:

In our experimental setup, a tunable optical patamamplifier (TOPAS), pumped by a
Ti:Sapphire (CPA-2001 system from Clark-MXR In@yér with 150 fs pulse width at 775 nm,
operating at 1 kHz repetition rate is used. Thigaedelivers tunable wavelengths from 470 nm
up to 2000 nm with 120 fs pulse width, operatin@ dt kHz repetition rate. The laser beam is
focused by a 15 cm convergent lens at the Z-Scpargwental setup. The sample is positioned
and translated with respect to the focused beamh,tla@ transmitted light is registered by a
Silicon photodetector for each Z-position of thenpée. The signal is amplified and averaged by
a commercial locking amplifier in order to incredbe signal/noise ratio. Once the normalized
transmittance Z-Scan signature is obtained, the @B#s section is determined by fitting T(Z) to
Eq. 1

1 © -
T(2) = =5 I, [l + qo(Z, 0)e™1dt (D).

The sample position is defined Byq, is given bygy, = aypaloL (1 + Z2/Z3)7 1. 1, is
the pulse intensity, is the Rayleigh length and, finally,is the sample optical path. 2PA cross

section is defined by,pa = (Aw/N)ayps , in which ayps IS the nonlinear absorption
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coefficient,i is the Planck constanh is the light frequency, amd is the number of molecule
per cm. To quantify thes™2, we usually usd GM = 1 x 1075 cm* s photon~! (Goppert-
Mayer unit GM); *. This procedure was performed at different wawgtles in order to obtain

the 2PA spectrum of each sample.

2.3.2. First order hyperpolarizability

To determine the firdtyperpolarizability g) of each chalcon&, we employed the Hyper
Rayleigh scattering (HRS) techniqtfeé” For this, we use a Nd:YAG Q-Switched mode-locked
laser with pulses at 1064 nm)( This configuration delivers an envelope aboud 88 which
contains of about 30 pulses of 100 ps, these puisitee envelope are separated by 13.2 ns from
each oné”, Laser was set to operate at 100 Hz of repetitite. Pulses are focalized at the
samples and the scattered optical second harmdni&32 nm (&) was collected by a
photomultiplier tube positioned perpendicular te thcident beam (1064 nm). It is important to
highlight that we used an optical filter centeread582nm with 10 nm of bandwidth at the
photomultiplier window to ensure that only the noehr scattered signal is detected by the
photomultiplier. The second harmonic scatteredaifiZw) is related to the laser intensliyw)

by the following expression:

1Q2w) = G XL, N; BET* (@) (2).

In this equation); is the molecular concentratiof,ijs a constant instrumental factar.
depends on the laser beam and experimental setlipasinbe determined using a sample with a
known B value; in this case, we useara-nitroaniline (pNA) dissolved in DMSO,
B(1064 nm) = 25.3 x 1073%cm®/esu **._It is important to emphasize here that chalccares
pNA were dissolved in high concentration in DMSQveat. Thus, it was possible to determine
B of the three chalcone derivatives measutiign) for severalN;. A linear relation between
I(2w) andN; is obtained, and the angular coefficient ofj},acone, 1S related tB paicone BY
E.q3



_ 2 Ochalcone
Bchalcone - pNA ApNA (3)

. - _ 2 _ 2
n Wthhaachalcone - G'Bchalcone ar]d(xpNA - GBpNA-
3. Results and discussion

3.1. Molecular Structure of Compound Il

The compoundl is a chalcone with a chlorine atom and phenyleswdfnide group
ortho-bonded to aromatic rings A and B, respectivelg(Hia). It crystallizes in the monoclinic
centrosymmetric space group ;R2(Table 1). The angle formed by the mean planghef
chalcone rings A and B is 42.59(5)°, demonstratingignificant deviation from co-planarity.
This is supported by the CI1-C1-C9-O1 dihedral @ngl = 31.07(13)°, which shows a

synclinal conformation of the chlorine group wittspect to carbonyl group.



Figure 1 50% probability ellipsoid plot afl (a),lll (b) andlV (c). Non-hydrogen atoms are arbitrarily

labelled, and hydrogen atoms are shown as spheagbitrary radii.

Table 1 Experimental details

() @) ()

Crystal data

Chemical formula gH;cCINO;S GiHiFNOSS GH16FNGOSS

M, 397.86 381.41 381.41

Crystal system, Monoclinic, P2;/c Monoclinic, C2/c Monoclinic, P2,/c

space group

Temperature (K) 296 296 296

a, b, c(A) 13.7952 (7), 7.5840 (4), 26.984 (3), 7.6486 (8), 18.3543.1059 (5), 17.5044 (8),
20.2728 (9) 2 8.1948 (4)

B(°) 62.896 (3) 107.479 (3) 102.278 (2)



V (A%

Z

Radiation type

W (mm)

Crystal size (mm)
Data collection
Diffractometer

Absorption
correction

No. of measured,
independent and

observed[[> 26(1)]
reflections

Rint

(SIN O/ ) max (A
Refinement

RIF? > 26(F%)],
wR(F?), S

No. of reflections
No. of parameters
H-atom treatment

Apmaxs APmin (e A_S)

1888.07 (17)
4
MKa
0.33
0.74 x 0.46 x 0.34

BrukeAPEX-1I CCD

27435, 3880, 3394

0.035
0.626

0.038, 0.106, 1.04

3880
259

3613.2 (7)
8
Mo Ka
0.21
0.10 x 0.1m08

BrukerAPEX-1l CCD

24691, 3749, 2712

0.054
0.630

0.045, 0.132, 1.06

3749
256

1836.98 (14)
4
Mo Ka
0.21
0.65x0.22 x 0.21

BrukerAPEX-1l CCD

23587, 7622

0.033
0.626

0.040, 0.111

3762
263

H atoms treated by a mixture H atoms treated by a mixtureH atoms treated by a mixture
independent and constrained of independent and

refinement
0.27, -0.33

constrained refinement

0.30, -0.31

Computer program$SHELXL2016/6 (Sheldrick, 2016).

of independent and
constrained refinement

0.32, -0.28

Only C-H--O intermolecular interactions are observed stabdizhe crystal packing of

II. Two molecules are assembled in a dimeric arraegenby aRZ(18) motif involving

carbonyl group and aromatic ring C (Fig. 2a). Théseers are joined together by means of a

bifurcated interaction which ans@.ny atom serves as an acceptor from two carbon atoras i

C3(8)[R3(6)] motif (Fig. 2b). Finally, the supramolecular axggment ofll is stabilized by one

more C—H:-O interaction involving the sulfonyl group and @@matic ring A in & (11) motif

giving rise to a 1D chain running parallel to [0@Thble 2).
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Figure 2 Dimer formed by two moleculd$ (a) and its crystal packing (b)

Table 2 Hydrogen-bond geometry (A, ©) for (Il)

D—H--A D—H H--A D--A D—H--A

C5—H5---08 0.95 (2) 2.58 (2) 3.342 (2) 137.1 (16)
C21—H21---01 0.92 (2) 2.53(2) 3.320 (2) 144.1 (17)
C12—H12---0% 0.98 (2) 2.70 (2) 3.274 (2) 118.1 (15)
C13—H13---0% 0.94 (2) 2.59 (2) 3.255 (2) 128.5 (16)

Symmetry codes: (B}, —y+1/2,z-1/2; (ii) —Xx, =y+1, —z+1; (iii) —x+1, y+1/2, z+1/2.

3.2. Substituent effect on the crystal structure

We evaluated substitution effects by comparingctlystal structures df andlll , which
differs only by the atom bonded to the ring A. CampdIll substitutes fluorine for the chlorine
atom inll (Fig. 1b). Il crystallizes in the C-centered monoclinic spacagrG/c (Table 1).
Figure 3 shows a molecular overlay obtained by nmgpthe aromatic ring B from moleculds
andlll . The main structural difference is the planarityhe chalcone moiety. FdéH , the angle
formed between aromatic rings A and B is smallantl (4 = 20.37(10)°), as result of
reduction of steric repulsion between the fluoriswed carbonyl group and-fm donation
differences of fluorine and chlorine atoms. Sinbégne atom has a greater atomic radius, this
repulsion is greater i *.

11



RMS =0.0276

Figure 3 Overlapping obtained by fixing the aromatic rindgr8m moleculesl (cyan color) andil

(blue color).

Similar toll, the crystal packing dll is also composed by dimers (Fig. 4). There is a
dimer withR2(16) motif (blue color, in Fig. 4) involving sulfonylrgup and olefinic hydrogen.
A 1D chain is formed by assembling these dimera igecond ordeR}(16) ring motif (pink
color, in Fig. 4) parallel to [101]. The last C~HD interaction observed in the crystal packing of
Il involves the carbonyl group and the aromatic fngnd contributes to 3D arrangementibf
(Table 3).

Figure 4 Crystal packing ofll , evidencing the supramolecular arrangement conspmgéwo dimers
with R2(16) ring motif (blue) joined by &2(16)motif (pink)

12



Table 3 Hydrogen-bond geometry (A, ©) fditl()

D—H-- A D—H H-- A D--A D—H-- A
C3—H3---02 0.95 (3) 2.69 (3) 3.577 (3) 156 (3)
C5—H5: -0 0.97 (3) 2.51 (3) 3.466 (3) 169 (2)
C8—H8---08 0.96 (3) 2.55 (3) 3.475 (3) 163 (2)
C20—H20---O1 0.88 (3) 2.73 (3) 3.273 (3) 121 (2)

Symmetry codes: (§-1/2, y+3/2,z-1/2; (ii) —x+1/2, y+3/2, z, (iii) —x+1/2,y-1/2, z+1/2.

3.3. Positional effect on the crystal structure

The positional effect is evaluated by comparing thgstal structures ofil and IV,
which differs only by the position of the atom beddto aromatic ring A. Similarly tdl , the
structural isomelV also has a fluorine atom bonded to the aromatibuAin thepara position

(Fig. 1c). It crystallizes in the primitive monaulc space group RZ (Table 1).

Structural differences betweélh andIV are demonstrated in Figure 5. Compouivid
has a more planar chalcone moiety than compadlindas confirmed from the angle formed by
its aromatic rings A and B4(= 3.32°). This difference is again from a reductas the electron-
electron repulsion of fluorine atom and carbonyugr. Sincdll has anortho-bonded fluorine

atom, this repulsion is stronger tharl\hy causing the deviation from planarify

Figure 5 Overlapping obtained by fixing the aromatic rindgr8m moleculesll (blue color) andV

(gray color).

13



Carbonyl group and aromatic ring C are assemblea ¢gentrosymmetric dimers with
R%(20) motif (Fig. 6a). Also observed is a 1D chain fotimi involving the aromatic ring B and
the sulfonyl group in &(11) motif running along [010]. These chains are assethin a 3D
arrangement by means of&maticH-**Osuifonyl @Nd GromaticH- -+ Osuifonyl interactions (Fig. 6Db);
(Table 4).

Figure 6 Dimer formed by two moleculd¥ (a) and its crystal packing (b)

Table 4 Hydrogen-bond geometry (A, °) fd\W()

D—H--A D—H He-A D--A D—H--A
C20—H20---01 0.94 (3) 2.64 (3) 3.317 (3) 129.2 (19)
C5—H5. .- 0% 0.92 (3) 2.67 (3) 3.590 (2) 174 (2)
C20—H20--- O 0.94 (3) 2.71(3) 3.416 (2) 132.3 (19)
C19—H19---Fi 0.93 (3) 2.64 (3) 3.375 (3) 136.0 (19)

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

3.4. One-, two-photon absorption spectra and first order hyperpolarizabilities

Figure 7 shows molar absorptivity (dashed blue lnasthe three chalcone derivatives
dissolved in DMSO solvent at room temperature. ©ae see that the lower transition band is
located at approximately 318 nm with a molar abteitg of about 16500 L mal cmi* to the
derivatives shown in (a) and (c) and about 19500dL*cm™ for (b). Changes in the atoms, from

chlorine to fluorine and fromrtho to para position, did not significantly change the eneafyhe
14



lowest energetic band and the molar absorptivitgmitade, when comparing the compounds. All
three compounds dissolved in DMSO are transparénvavelengths longer than 400 nm.
Fluorescence emission was not evidenced for thasgples, which indicates a nonradiative

relaxation process from first singlet excited statéhe ground state

1PA wavelength (nm)
300 400 500

30
g /v’\f\‘/\
12} A ]
e x
P Y
I 20 2
g (o
- 2
§ 6f =
5 10 g.
& 3t =
N
0 . — 0
400 600 800 1000
2PA wavelength (nm)
1PA wavelength (nm)
200 300 400 500
15 —p ; — 30
1 i
g ‘. /\/J\,/\,iJ
12
A Y :
c ™ 420 8
2 of | AN =
5] \ =
3 \ < 3
o
[¢]
5 10 3'
& 3} ~
N
(b)
0 n Q4 0
400 600 800 1000
2PA wavelength (nm)
1PA wavelength (nm)
200 300 400 500
25— - — 30
. |
= 20} |
(]
A x
< 4120
N-INT S 2
8 [
- 2
@ 101 =
S 109
& st ~
N
0 . X 0
400 600 800 1000

2PA wavelength (nm)

Figure 7 Linear absorptiong} (dashed blue lines) and two-photon absorptioeiiaed circles) spectra
of all three chalcone derivatives dissolved in DM8vent. The black line is the adjustments obthine
with Sum-Over-States model. The inset shows theoutdr structure of the derivatives.
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Figure 7 also depicts 2PA spectra (open red ciyrdkall three chalcones obtained
with fs-tunable Z-Scan technique. Each point of $pectrum represents the two-photon
absorption cross section calculated from Eq. (1nil& to the 1PA spectrum, 2PA
spectra are not significantly different across toenpounds. The maximum 2PA cross
sections are of the same order of magnitude. Faroahpounds, two 2PA bands appear
located at approximately 565 nm and 635 nm. The&eratorresponds to the same
transition allowed by 1PA (~ 318 nm). The othecated at 565 nm, represents a state
located at approximately 255 nm, which has no sinfiPA. For wavelengths shorter than
500 nm, the 2PA cross sections increase due toriegohoton resonance enhancement.
Similarities in the 1PA and 2PA between the compsunould be understood by the
molecular structures. The chalcone moiety, whichs e samen -conjugated
characteristics, is responsible for the one- avmtghoton absorption bands centered at
approximately 318 nm (636 nm) in all compounds.e Téplacement of the chlorine atom
to the fluorine, which has the higher electronegfgti do not affect considerable the 1PA

and 2PA spectra between the molecules.

It is important to mention here than by using bbEA and 2PA spectra combined,
we could estimate information about the magnituideome electronic properties, such as
the transition dipole moments and permanent dipotenent difference between the
ground and first excited stat€Al,; = 1;; — Hoo) . FOr example, the transitions dipole

moment from the ground to the first excited statg ) is determined b’

2 _ 3-103In(10)hc n
T (2m3Npwoy L2

Ho1 fs(u)) dw (4),

in which,N, is Avogadro’s number is Planck’s constant, c is the speed of light, and
wy; represents the transition frequency of the firstited statel = 3n%?/(2n% + 1)
describeghe Onsager local field factor, which represents ghrround medium effect of
the solvent to the soldte that in the present work is DMSO solvent, withefractive
index (n) equal to 1.42. In Equation (4]w) is the molar absorptivity, obtained from the

linear absorption measurements.
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Combiningpy;, determined directly from the linear absorption cdpem, with
some other spectroscopic parameters, the expeam2RA spectrum can be modeled
with Sum-Over-States (SOS) approach. In Figureh@&, golid black lines represent a
construction of the experimental 2PA (open circlegh SOS model, which is given by

the following expressioff**

G508 (w) = 128w g4 w? [ |po1*An3iTos lt121% 1101/ Toz |l113|2|l101|2r03] (5)
2PA 5 (chn)?2 ™ (wo1—®)2+4T3; L(wo1-2w)2+T3; ' (w02—2w)2+T3, = (wo3—2w)2+T3,

in which,w is the frequency of the lases,, andl}, are, respectively, the transition frequency
and damping constant of the- n transition (n=1,2,3). It is important to mentioaré that the
three terms, inside of the brackets, describe thetrenic transitions observed in the 2PA
experimental spectrum. In all terms, one can ndtieeproduct between the dipole moments in
the numerator, in which all hayg, in common, an input parameter obtained from thedr
absorption spectra. It ensures that each termerbthckets is independent and only one dipole
parameter is adjusted per term. In summary, TalgeeSents the parameters obtained with both
1PA and 2PA spectra combined with Eq. 4 and E.he. damping constants were used to be
Ion = 0.3 eV, which is common, in most cases, to diescelectronic transitions for organic
molecules at the UV-VIS region. These parametegchrse in magnitude, which indicates that

the charge distribution at the ground and excitatesare similar between the molecules.

Values in Table 5 and the magnitude of the 2PA<gextion shown in Figure 7,
taking in consideration the experimental error, @dose to those reported in the literature
for chalcone-based compounds, which were obtaiyedsing similar methodology of
measurement3®°>3 Values in Table 5 and the magnitude of the 2Péssrsection
shown in Figure 7, taking in consideration the expental error, are close to those
reported in the literature for chalcone-based campgs, which were obtained by using
similar methodology of measuremefits®>3 as the ones employed in the present work.
For example, ref. 48 presents a similar study in substituted chalcones employing
similar fs Z-Scan experiment to determine the 2Péss-sections. Results have shown

similar 2PA cross-sections between the chalconeoutds. The magnitudes observed for
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the 2PA cross-section in the lower energetic baadctklse (~ 15 GM) to the ones showed
here. It is interesting to point out that the 2Pa#nd located at 565 nm for moleculés

Il andIV, have no similar band in the case of Ref. 48. @&x@anation for it is the
presence of thehenylsulfonylamine group attached to the main adred moiety in our
molecules. Santos at “alstudied two-photon absorption spectrum in brompe @hloro-
derivatives of dibenzylideneacetone and obtainedaaimum value of about 25 GM for the
molecule containing bromine and 17 GM for the oniéhvechlorine atom.Lemes et af*
presented a similar study in a chalcone derivatiith a chlorine atom in thgara position
and alsowith twice the conjugation length when comparedtow molecules. In that work, a
maximum 2PA cross-section of about 30 GM was olexbr¥he increase in the 2PA magnitude
comparing to the present molecules is explainethbyconjugation length be greater. Custodio
et al studied two-photon absorption spectrum oframiine sulfonamide chalcotfe with a
similar molecular structure to the ones present@.li2PA maximum cross-section value of 10
GM was obtained for the lower energetic band. Aebéihifted in the one- and two-photon
absorption spectrum is observed when comparecetsutphonamide chalcone presented here. It
can be understood by the presence of bromine atdinch is less electronegative thahlorine
and fluorine atomsMoreover, it is important to describe that forofmine sulfonamide
chalcone, the overlap between the two 2PA band® haereased. It indicates that charge
distribution in the phenylsulfonylamine group atted to the main chalcone moiety may not

suffer influence replacing bromine lohlorine or fluorine atoms.

Table 5 Transitions dipole moments and permanent dipole emmifference for the three compounds

studied in this work, in Debyes unit.

Chalcone derivatives Ho1  AMor M1z M43
[l 6.4 46 4.0 4.0
1 7.2 3.8 4.1 4.5
v 6.5 52 4.4 4.5

Concerning to the molecular second harmonic geioarateasurements, which are
related to the first order hyperpolarizabilify) (of the molecule, the values of chalcone

derivatives were determined after the experimesttup was calibrated with pNA
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(standard compound) dissolved in the same solVentit was shown in the molecular
structure, one can see that all three chalconewatiees are noncentrosymmetrical
molecules in terms of charge distribution. It bessawf the different donor-acceptor
groups attached to the main chalcone moiety. Casdly, when the molecules are in
solution and not crystallized, it is expected teatve a very low incoherent second-order
signal from each individual molecule that can beasueed by using HRS technique. The
measured scattered nonlinear signal (532 nm) sleowsadratic dependence with the
pump intensity (1064 nm), indicating that two phwtoof 1064 nm are annihilated in
order to generate one of 532 nm. It can be visedlat the left hand inset in Fig. 8, as
example, for compound!l . The solid line, for each curve, represents tést Isecond
order polynomial fit. Also, in Fig. 8, it is preged the linear dependencel(2w)/1?(w)
(open symbols) as a function of five molecular @nications fodl, 1l , IV derivatives,
as well as pNA molecule. Lines in these graphsesgnt the best linear fits, in which the
angular coefficients, when compared with the pNAgvide B values for the studied

samples, all calculated from Eq. (3).

25

anjos

uoneRuadue)d

1(20) (arb. unit)
B x 10% cm¥/esu
-
w

3 0 2 Rl 6 pNA " mn v
(o) (arb. unit) Compounds

2t py
[ I g
W e’
0 C‘EPO - 1 -
10 20 30 40 50
Molecular concentration x 10'® (molecules/cm?®)

(20 )/1%(®)

—_

Figure 8 Linear dependence df2w)/1%(w) as function of the molecular concentrations for pNA
(squares) and chalcone derivativids(blue triangle)]ll (green triangle anty (circles). Lines represent

the linear fits. The inset, at left side, represehe first hyperpolarizability scattering signatsa function
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of the pump intensity for five distinct molar comtations of samplél . Lines are the best second order
polynomial fits. Similar curves were obtained fbe tother compounds. The inset, at right side, degic

thep values for all compounds and pNA.

The results obtained for all three compounds shawatvalues off are similar to
each other of approximately 1x3bcnt/esu. This nonlinear optical effect agrees with the
other optical characteristics, such as linear giisor and 2PA spectra. In other words, as
can be seen, linear and 2PA spectra are all sirmdewss all three chalcones analysed.
Consequently, it is expected tHéts are similar when comparing the three compounds
studied herep values at 1064 nm foll, Il and IV can be indirectly estimated by
employing a simplified two-level modéf, taking in consideration properties obtained
from the one- and two-photon absorptions. In thaslaet, Ap,; andpy, (presented at Table
5), were used in this approach to first determiveedtatic first-order hyperpolarizabilitg{) by
employing the following expression:

. _ 3|H01|2|AH01|
BO(O' 0,0) - 2 (hwm)z (6)!

in which, Aiwy; is the energy of the first electronic transitian, the present case to be
approximately 3.88 eV for all three compounds, beeahe lower electronic transition is at the
approximately same wavelength. The estimated diedgteorder hyperpolarizabilities are 7.3, 7.7

and 8.5 x10° cnr/esu, respectively, for compounids 11l andIV .

To calculate the dynamicfll and thus compare to the experimental ones, onetake
into account the resonance enhancement effectodile toptical frequency dispersion, it can be
evaluated by using the undamped two-level motidt With this simplified model, the dynamic
hyperpolarizabilities of the compounds were exttaigal at the incident laser frequenay)(

which is far from the first excited statkdy;), by using®®:

B(—20; 0, ) = w51 B ).

(0f1-40?)(0f,-wv?)

In Figure 9, the experimental values obtained uligh HRS technique (symbols)
are compared to the ones obtained with uhdamped two-level moddkolid lines), the

latter calculated by using 1PA and 2PA experimenBne can see a good agreement
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between both results at approximately 1.16 eV (641Gm). At 1.16 eV, the values
obtained with Eq. 7 are 12.6 (1.26 times highe8)3%1.02 times higher) and 14Z0>°

cnr/esu (1.47 times highenespectivelyfor compounddl , [l andIV .
150 T T
—II
—1l
5 — 1V
o |l
B100F T
(o)
= a v
)
3
o
< 50F -
Y
O L 1
0.5 1.0 1.5 2.0
Energy (eV)

Figure 9 Experimental HRS signal measured at 1064 nm (~eMLGymbols) and simplified two-level

dispersion model (lines) far, Il andIV .

Values of the molecular optical second harmonic i@wrethe same order of
magnitude to the ones found in the literature faalcone-based compound&s®®>? In
that works, a similar HRS experimental methodologgs employed. For example,
Abegdo et & determined values of the molecular second ordetimear response of
about two times higher than the ones reported hferetwo substituted chalcones
dissolved in methanol. Als@ chalcone derivative with éhlorine atom in thgoara position
andwith twice the conjugation length showed a valualodut 22 x10° cnr/esu, obtained also
at 1064 nm'. Custodio et af determined for a bromine sulfonamide chalconelaevsimilar to
the ones presented here. Santos et atudied bromo- and chloro-derivatives of
dibenzylideneacetone, in which the molecules ptesea conjugation length longer than ours
chalcones. The results obtained for the molecwdaorsd-order nonlinear response were 25 and

27 x10°° cnr/esu respectively for bromine and chlorine dibeitieyieacetone. The results
21



reported in the literature, by using similar metblody, have shown that chalcones molecules
present similar values dirst order hyperpolarizabilityAn augment of3 magnitude can be
understood by an increase in the conjugation leafjthe molecule associated to the presence of

donor-acceptor groups, which defined a noncentrasgimnc charge distribution.

4. Conclusions

The substituent effect on crystal structures waasueed by comparison of moleculés
and Il , which differ only by the atom bonded to the riAg For Il , the angle formed by
aromatic rings A and B was found to be smaller tHgnevidencing the planarity deviation
observed due to the greater atomic radius of aiorin addition, the positional effect on the
crystal structure was evaluated after comparingishmerslil andIV. The para substitution
observed inlV contributed to the planarity of its chalcone bamid due to its lower steric
repulsion when compared tl , a ortho-substituted chalcone. Finally, crystal packingtlod
molecules was found to be stabilized by dimers éyda pseudo-ring formed from an
intramolecular H-bond. Although slightly differestructural conformations were observed for
the moleculedl , [l andIV at solidstate, experimental results from linear and noalirgptical
measurements in solution showed that the valueoptical effects are not significantly
influenced by these structural modifications. Cdesing the nonlinear optical properties,
estimated first hyperpolarizabilitiey"6), by employing parameters obtained from distinct
spectroscopic techniques, are in good agreement thé ones experimentally obtained with

Hyper Rayleigh scattering technique, which are axiprately10 x 1073° ¢m5/esu.

5. Supporting Information

'H and™C{*H} NMR spectrum (500 MHz, CDG), of compoundsl , Ill andIV.
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