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Abstract

In the present work, the crystal structures anditbrder nonlineaoptical (NLO) propertieof
two novel chalcone derivativesE)¢1-(3-bromophenyl)-3-(4-fluorophenyl) prop-2-ermshe
(F3BC) and E)-1-(3-nitrophenyl)-3-(4-fluorophenyl) prop-2-enehe E3NC) have been
experimentally investigated. Both chalcones werdhssized by Claisen—Schmidt condensation
reaction. The single-crystals were obtained froawskvaporation solution growth method and
were structurallycharacterized by single-crystal X-ray diffractioBoth studied crystals are
crystallized in centrosymmetric space groups. Thistence of C—H- & interactions inF3BC
and C—H---0O and C—H:---F hydrogen interactions3NC play important roles in creating
supramolecular structures. The linear optical gtigmr coefficient ¢) of F3BC andF3NC were
analyzed by UV-Vis-NIR spectral analysis and théiagh band gapsH) were estimated. TG-
DTA analysis revealed that tR&NC crystal has higher thermal stability theBBC crystal. The
third-order nonlinear optical properties of thesgstals were studied in solution using Z-scan
technique with a continuous wave (cw) DPSS lasasraing at 532 nm wavelength. The
molecules reveal a strong third-order nonlinearogtiton (NLA) and negative nonlinear
refraction (NLR). The calculated values of nonlinegbsorption coefficienf3, nonlinear

refraction coefficient, and third-order nonlinear susceptibili{§ were found to be of the order



of 10° cm/W, 10° cm?/W and 1@ esu, respectively. The value of the two-photorogtion
(2PA) cross section at 532 nm for both chalcones the order of 1DGM. These crystals also
exhibited optical limiting (OL) properties under CMéer excitation.

Keywords: Chalcone derivatives; crystal growth; nonlineaticgd materials; optical limiting; Z-
scan.
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1. Introduction

Chalcones, belonging to the flavonoid family, areimportant class of natural products
with widespread distribution in fruits, vegetablspices and tea [1-2]. Chemically, chalcones are
1,3-diaryl-2-propen-1-ones in which two aromatiogs, mainly benzene groups, are joined by a
three-carbon bridge having a carbonyl moiety ajfidunsaturation [3]. Chalcones are subjects of
great interest for their wide range of interestpttarmacological activities, such as potential
cytotoxic, antimicrobial, antiviral, anti-inflamn@ty, antioxidant, antimalarial, anti-HIV,
antitumor and anticancer activities [4-13]. Furtherany studies have shown that chalcone
derivatives optically limit a high power pulseddaseams through nonlinear absorption (NLA)
mechanism, and have also been reported to exlagdtive values of nonlinear refractive index
(defocusing nature) [14-16]. Along with the exteresuse of continuous wave (CW) lasers at
power levels ranging from mW to kW in various apgations, the need of protections for the
human eye and the sensors used in handling the @putohas become increasingly important
[17-19]. In this context, organic molecules suchchslcone derivatives have received special
attention as they have absorption bands in théleisegion of electromagnetic spectrum (300-
500 nm) [20-22].

Our research group was interested in preparing oeanic second- and third-order
nonlinear optical materials, in particular, donoc@ptor substituted chalcone derivatives with
high nonlinear optical susceptibilities, for varsoypotential applications [23-25]. We had
reported the synthesis, single-crystal structumes] nonlinear optical properties of novel
chalcone derivatives substituted with O N(CH3), NH,, F, CI, Br, CH, and NQ, as electron
donor or acceptor [26-30]. These novel chalconévdives exhibited good thermal stability,

brilliant second harmonic generation efficiency (®Hand large third-order nonlinearity. The



donor and acceptor strength, nature ofith@njugated group, and the symmetry have marked
effects on the nonlinear properties of these daviea [27-30].

To extend our study on nonlinear optical activelenoles, two push-pull type
chalconederivatives, E)-1-(3-bromophenyl)-3-(4-fluorophenyl) prop-2-emfie £3BC) and
(E)-1-(3-nitrophenyl)-3-(4-fluorophenyl) prop-2-enehe E3NC) were synthesized and their
molecular structures, thermal stability, linear andthird-order nonlinear optical
properties werestudied The main goal of this work is tdhighlight the capability of
enhancing or modifyinghe opticalnonlinearity by altering thesubstituentof these
push—pull materials. Inthis respect,by changingthe functional group of theslectron
acceptingend whilekeeping theelectron donatingnd common we related thenolecular
structurewith nonlinearity, aproperty that can be of gremhportancein terms oftheir
usability in photonic applicationsThis study demonstratean efficiently highnonlinear

opticalresponse of chalcone derivatives under CW regime.

2. Experimental procedure
2.1. Material synthesisand crystal growth

All solvents and chemicals in spectroscopic gnadee obtained from Sigma-Aldrich and
used without further purification. The chalcone idaives, E)-1-(3-bromophenyl)-3-(4-
fluorophenyl) prop-2-en-1-ond-8BC) and E)-1-(3-nitrophenyl)-3-(4-fluorophenyl) prop-2-en-
1-one F3NC) were synthesized by Claisen—Schmidt condensatiaction between substituted
acetophenones and aryl aldehydes under basic mslifl9]. At room temperature, a clear
ethanol solution (30 ml) of 4-fluorobenzaldehyded{Omol) was slowly added into an ethanol
solution (30 ml) of 3-substituted acetophenone (Onfol) with continuous stirring. Then, a
catalytic amount of aqueous NaOH solution (10 mdsvadded drop wise into reaction mixture
while stirring vigorously. The stirring was conteual for about 2-4 hours at room temperature.
The precipitated solution was poured into ice cmlter and then left overnight. The resulting
product was separated and then dried. The schemeaction and the chemical structure of the

compounds are illustrated in Fig. 1.
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Fig.1. Schematic representation for the synthesi&€pfl{(3-substituted phenyl)-3-(4-
fluorophenyl) prop-2-en-1-one compounds.

The choice of solvent is the key factor to grovedquality crystals. Based on solubility
test, a mixed solvent of acetone-dimethylformam(id®F) (1:1) was used to grow3BC and
F3NC crystals. Both crystals were grown by the slow evaporatiolutszn growth technique at
ambient temperaturé=3BC and F3NC weredissolved separately ia mixed solvent of acetone-
DMF (1:1) and stirred well for about few minutes. To remoweligsolvable impurities, the prepared
solutions were filterednto separate beaketsing the Whatman filter paper and covered with a
good quality perforated polythene shéétis solution is slightly warmed and allowed to poeate
at room temperature. At the period of supersatmatiiny crystals were nucleated. They were
allowed to grow into considerable size and thervésted after a period of 12-16 days (Fig. 2).
The grown crystals are stable at room temperatwlecan be stored for indefinite period.

Fig. 2. Photograph of grown single-crystalsk8BC andF3NC.



2.2. Characterization techniques

The crystal structures of the grown crystals weetermined by single-crystal X-ray
diffraction. Crystal data were collected on Bruk&PEX I[I DUO CCD area-detector
diffractometer using graphite monochromated Mor#diation § = 0.71073 A) and sample-to-
detector distance of 5 cm. The single crystal (0:82.21 x 0.11 mr of F3BC and
0.54 x 0.48 x 0.33 mhiof F3NC) was mounted on a glass fibre with epoxy cemeut \aas
placed in the cold stream of Oxford Cryosystems r@otpen-flow nitrogen cryostat [31]
operating at 100 (1) K. The collected raw data vemkiced by usin@AINT program [32] and
empirical absorption correction was applied by gS8ADABSrogram [32]. The structures were
solved by direct methods and refined by full-mateast-squares techniques by using SHELXTL
software package [33-34]. All non-hydrogen atomsemefined anisotropically. All hydrogen
atoms were positioned geometrically and refinetragocally with a riding modellJ;so (H) = 1.2
X Ueq (C). Two high calculated residual densities (1e#6%and 2.14eA %) were observed at
distances of 0.87 A and 0.94 A from atom BrlFBBC. Molecular graphics and publication
materials were prepared byercury [35] and PLATON [36]. Crystal data and structure
refinement information for the title compounds bseed in Table 1.

The UV-Vis—NIR absorption spectra were measurgo@in temperature with Shimadzu
UV-1800 spectrophotometerThe optical energy gap was calculated from theombion
spectrum of each sample by using Tauc’s plot [Je thermal properties were measured on
simultaneous TGA/DSC Q600 thermal analyzer undexifig nitrogen gas with a heating rate
of 10°C min™.

The Z-scan technique developed by Sheik-Badtaa. [38] was used to measure third-
order nonlinearities dF3BC andF3NC crystals. It is a simple and sensitive single-beagthod
for determining both the nonlinear refractive inde® and nonlinear absorption coefficief) (
of a given material, with the advantage of immaedimtdication of the sign and type of the
optical nonlinearity. The experiment was performedhe CW regime consisted of a diode-
pumped solid state laser (DPSSL) operating at 382uavelength with a maximum power of
200 mW. The concentration of the solution was ediyethosen at 0.01 M before saturation. A
guartz cuvette with a 1 mm path length was utilimedontain the sample solutions. This length
is considerable thin compared to Rayleigh length+ nw?2/2) [39], i.e. 4.15 mm. Hence, the

thickness condition could be satisfied as a thirdioma for this measurement. The beam was



focused to a beam waist of 26.p&h with a lens of 286 mm in focal length. The samphes
moved through the focal point of a laser beam aitsgptical axis under a computer-controlled
translation stage. The reference beam and theisrtransmitted beam energy through a closed-
aperture (CA) or an open-aperture (OA) were sinmegitausly measured by a dual-channel energy
meter. The distance between the detector and fafdire lens was far enough to satisfy the far-
field approximation. Before measuring the samplkes, system was calibrated using.G® a
cuvette as the reference. Measurements on purered®MF) in a cuvette were also performed,

validating that the measured nonlinearities weigimaited from chalcone derivatives only.

3. Resultsand discussion
3.1. Structural description
3.1.1. Crystal structure of (E)-1-(3-bromophenyl)-3-(4-fluorophenyl) prop-2-en-1-one

The asymmetric unit oF3BC consists of aK)-1-(3-bromophenyl)-3-(4-fluorophenyl)
prop-2-en-1-one molecule as shown in Fig. 3. Théeoube is non-planar and it adoptdrans
configuration with respect to C8—C9 double bond {878—C9—C10 = 177.9 (2)°). The
phenyl rings are twisted away from each other lkdjhadral angle of 47.74 (11)°. In crystal (Fig.
4), type | Br---Br contactd(= 3.6439 (4) A, 2C4—Brl---Brl = 144.01 (7)°, symmetry
operation: %, —y+2, -2 which is shorter than the sum wén der Waalsradii (3.70 A) is
observed. The crystal structure is stabilized bgkM€—H- -z interactions (Table 2), involving

the centroids of phenyl rings.

Fig. 3. ORTEP diagram of asymmetric unit BBBC shown in 50% probability displacement

ellipsoids with labels for all non-H atoms.
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Fig. 4. Partial crystal packing ¢¥3BC shows C—H- = interactions (cyan dashed lines).

Tablel
Crystallographic data and structure refinementE@BC andF3NC crystals
Crystal F3BC F3NC
CCDC deposition number 1484019 1484020
Molecular formula G@sH10BrFO GisH1oFNOs
Molecular weight 305.14 271.24
Crystal system Triclinic Monoclinic
Space group P1 P21/n
a(A) 5.8655 (4) 7.1637 (4)
b (A) 7.4169 (4) 16.0507 (10)
c(A) 14.0323 (9) 21.2846 (13)
a (°) 90.8150 (18) 90
B (°) 97.0297 (17) 99.4748 (9)
v (°) 92.5693 (17) 90

V (A% 605.14 (7) 2414.0 (3)



Z 2 8
Deai (g cmd) 1.675 1.493
Crystal dimensions (mm) 0.32x0.21 x0.11 0.5448( 0.33

Crystal colour, shape Yellow, plate Orange, block

i (mnit) 3.39 0.12

Radiation\ (A) Mo Ka, 0.71073 Mo, 0.71073

Tminy Trmax 0.225, 0.329 0.820, 0.907

Measured reflections 21041 49976

hkl range -&h<8 -9<h<9

-10<k<10 -21<k<21
-19<1<19 -28<1<29

0 limit (°) 1.5-29.4 1.6-29.3

Unique reflections 3306 6532

Observed reflectiond B 26(1)] 3022 5794

Parameters 163 361

Goodness of fit o 1.06 1.04

R[F% > 26(F?)], wR(F?) 0.035, 0.092 0.055, 0.156
Table2
Hydrogen-bond geometry (A, ©) FBBC
D—H--A dD—H) dH--A) d{D--A) <«D—H---A  Symmetry code
C2—H2A.- Cg2 0.95 2.85 3.488 (2) 126 -X+2, y+2, 7+1
C5—H5RA. - Cg2 0.95 2.87 3.535 (2) 128 -x+1, y+1, z+1
Cl4—H14A:- - Cgl 0.95 2.81 3.501 (2) 130 -x+2, y+1, z+1

Cgl andCg2 are the centroids of EC6 and C10C15 phenyl rings, respectively.

3.1.2. Crystal structure of (E)-1-(3-nitrophenyl)-3-(4-fluorophenyl) prop-2-en-1-one

The asymmetric unit ofFSNC consists of two crystallographically independent
molecules A andB) as shown in Fig. 5. The molecular conformatioh$ah molecules are
highly similar with overlay RMS deviation of 0.206¥ and maximum deviation of 0.5542 A.
The phenyl rings are nearly co-planar as indicatedihedral angles of 2.51 (5)° and 10.65 (5)°
in moleculesA andB, respectively. In crystal (Fig. 6), moleculesndB are connected by weak

intermolecular C—H---O hydrogen bonds into two-fdldlong b-axis) related dimers



incorporated WithR;(6)R§(10)R;(6) graph-set motif [40]. Each dimer is surroundedsby

adjacent dimerwia intermolecular C—H---O and C—H---F interactionsbl@ &) into two-
dimensional supramolecular layers parallel to (101)

Fig. 5. ORTEP diagram of asymmetric unit BBNC shown in 50% probability displacement

ellipsoids with labels for all non-H atoms.



Fig.6. Partial crystal packing oF3NC viewed alonga-axis shows a supramolecular layer

constituted by molecules (green) and (blue) under hydrogen interactions (cyan lines).

Table3

Hydrogen-bond geometry (A, °) FBNC

D—H--A dD—H) d(H---A) d(D--A) «D—H--A Symmetry code
C9A—H9AA:--OB 0.95 255 34144 (14 152 —x+1/2,y+1/2, -z+3/2
C11A—H11A---OB 0.95 2.39  3.2806 (13 156  —x+1/2,y+1/2, z+3/2
Cl11B—H11B---OA 0.95 2.37 3.2625 (13 156 -x+1/2,y-1/2, z+3/2
C9B—HO9BA: --OA 0.95 254  3.3956 (13 149  —x+1/2,y-1/2, z+3/2
C1l4A—H14A---FB 0.95 251 3.4532 (12 173 -x+1/2,y-1/2, z+3/2
C14B—H14B.--FA 0.95 2.54  3.4837 (12 172 —x+1/2,y+1/2, z+3/2
C15A—H15A---OB 0.95 2.52 3.4670 (14 174 —x+1, -y, —z+1

C13B—H15B---OA  0.95 249 34252 (14 170  —x+1, y+1, z+1




3.2. Thermo-gravimetric and differential thermal analysis

The TGA and DTA curves of two chalcone crystals stnewn in Figure 7. The TGA
traces show the first minor weight loss before thelting temperature illustrates the loss of
physically absorbed moisture and volatile solvehusng the crystallization. On the other hand,
it was observed total sample degradation at tenyresahigher than that of the melting point for
the chalcones under investigatidn. DTA curves, sharp first endothermic peaks at.30%
(Fig.7a) and 177.6C (Fig.7.b) are corresponding to the melting pafit=3BC and F3NC,
respectively. The broad endothermic peak88C andF3NC at 276.0°C and 308.9C in DTA
curves are found to be matching with the correspmnchajor weight loss of about 82.95% and
98.77% in TGA curves. These major weight losses dare to the decompositions of the
materials. No residual product was left after thmmplete heating process in which the
temperature reached 108C. The decomposition mechanism clearly indicates the F3NC
has higher thermal stability thaf3BC chalcone.F3NC has relatively high melting point,
which suggests that it may have high thermal danthgeshold and hence is a promising
candidate for NLO application.
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3.3. Linear absorption and optical energy gap

Optical material can be of practical device usky drit has a lesser absorption of light in
the Vis-NIR region. The linear absorption spectr&8BC andF3NC are represented in Fig. 8.
Clearly, both of them show two strong peaks inthéregion, which are due to-r* and na*
electronic transitions. The-n* and n+* transitions are attributable to the presencerofretic
ring and C=0 group, respectively. Unsaturated madéecthat contain oxygen undergarh-
transition due to the presence of non-bonding edast in the oxygen atom [41]. In both
chalcones, different substituents (bromo and nigwre) attached at theetaposition of terminal
phenyl ring which is nearer to the carbonyl gro§oich varying substitution brings notable
changes in the light absorption in these molecdlss to their different electron donating and
accepting abilities. The chalconE38BC andF3NC with electron accepting substituents showed
a notable bathochromic shift in the absorption mmaxi The chalconE3NC, having the strong
electron accepting nitro group, showed a well pummoed absorption band. Note that both

chalcones are transparent at the wavelength ob#-seasurements (532 nm).

The optical energy gap was calculated from themg®n spectrum of each sample (Fig.

8) using Tauc's relationship as follows [42].
ahv =ag(hv-Eg)" (1)

whereap is a band tailing constant parameter and it igrsergy independent constahy, is the
optical energy gap, and is called the power factor of the transition modiee value ofn is
dependent upon the nature of the material, whéthercrystalline or amorphous, and the photon
transition. The values af for direct allowed, indirect allowed, direct fodoien and indirect
forbidden transitions are 1/2, 2, 3/2 and 3, retpely. After the plotting of all power
probabilities of 1/2, 2, 3/2 or 3 versus the phatoergy kv) for the present crystalline chalcone
derivatives, the results showed the most suitablé adequate plot is that when= 1/2.
Therefore, Tauc's relation is in the form ah{)? = oo (hv-Eg) for direct allowed band gaf.o
determine the optical energy gap, a graph whiclstitates the relationship betweetm(?* and
photon energyE) was plotted, using the data obtained from thécapabsorption spectra (Fig.
8.). In order to obtain the value of the direcoadd optical energy gajE(), the slanted straight
line was extrapolated and interceptedxis at ¢hv)® = 0 (insets of Fig. 8). The estimated values
of the energy gaps were tabulated in Table 4.
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Table4
Absorption maximum, band gafg) and melting point foF3BC andF3NC crystals.

Compound Absorption Band Gap  Melting Point

maximum Eq (eV) (°C)
Amax (NM)
F3BC 375 3.03 108.45
F3NC 396 3.00 177.01

3.4. Nonlinear absorption and refraction

Fig. 9 shows the normalized OA and CA Z-scan caifetained from DMF solutions of
F3BC andF3NC chalcones with CW DPSS laser as a source. Theudves of both chalcones
(Fig.9 a &b) indicate strong nonlinear absorptidrthee incident laser beam, which is attributed
to strong reverse saturation absorption (RSA) asetttited state absorption cross sections are
higher than the ground state absorption crossaseci{Table 5). The CA curves for both the
chalcones exhibited a pre-focal peak followed hyoat-focal valley configuration. This peak-
valley configuration indicates that the nonlinegiractive index is negative{< 0) which gives
rise to the self-defocusing property possessechbyget chalcones. The self-defocusing effect is
due to local variation of refractive index with teemature. The possible mechanism can be
explained as follows. Beginning as far from theul¢Z < 0), the beam irradiance is low and
nonlinear refraction is negligible, which makes theasured transmittance to remain constant
(i.e., Z-independent). As the sample tends towards Z mr&iance increases, leading to self-
lensing in the sample. A negative self-lens duthéonature of the material before the focal plane
tend to collimate the beam on the aperture anceliyemcreases the measured transmittance.
After the focal plane, the self-defocusing increatee beam divergence, leading to widening of
the beam at the iris and thus reducing the meagtardmittance. Far from focus (Z > 0), again
the nonlinear refraction is low, resulting in anseittance Z-independent. Thus, a pre-focal
transmittance maximum (peak), followed by a posafdransmittance minimum (valley) is a Z-
scan signature of a negative nonlinearity of théennals. The large value of the phase shift (2.8)
along with the fact that the source laser is CWgssts that the origin of the nonlinear refractive
index is thermo-optic.

The laser beam induced absorption and refracti@mges are given by the relationships,

a(l) =ay+ Bl and n(I) =ny, +n,I , respectively. The magnitudes ef B, and real and



imaginary parts of third-order nonlinear opticaksseptibility x© can be calculated from the
standard Z-scan relations as follows. The diffeeebetween peak and valley transmittances,
ATy, is given by [38]

AT,_, = 0.406(1 — $)°25|A¢, | (2)
where |A¢g,| is the on-axis phase shift at the focus &id the linear transmittance of the

aperture in the absence of a sample which is addaising the following relationship
g
<) ©)

Where,r, is the radius of the aperture and is the laser beam radius at the entrance of the

S=1—exp(

w

aperture.
The third-order nonlinear refractive indem)( of the chalcones were calculated using
closed aperture data, and it is given by

= T @
WhereK (= 2r/)) is the wave vectolly (= 2P /m wy?) is the intensity of the laser beam at the
focal point (Z = 0). The.x is the effective length of the sample and is gikign
Lesr =1 —exp(—al)/a (5)
Where,L is the sample length.
The third-order nonlinear absorption coefficiep) ¢an be determined using OA Z-scan

data by the following relation

T(Z) = 1 - et ©)
2V2 <1+z_§)
Where, T(Z) is the normalized transmittance aptsZhe Rayleigh range.
The real and imaginary parts of the third-ordenlimear optical susceptibilities of

chalconegan be obtained by the following equations

2

$ (esu) = =n,  (m¥/W) (1)
4 (esw) = =B (m/W) (@)

(3)

1> for both chalcones are of the order of’knd 10 esu,

The measured values Qﬁf)and X
respectively, which are comparable to other orgamaterials [43]. The absolute value of the

third-order nonlinear optical susceptibility® can be calculated by the equatidw®| =



2 2
() 4 X(3)

XR ;7 . The obtained values are of the ordef H3u, indicating the large third-order

nonlinear optical properties FBBC andF3NC, using CW laser excitation.
The molecular second-order hyperpolarizabilitan be calculated by the equation
Y, = x®
T /3@ 2]t N

9)

where, N = N,C x 1073, is the number density of molecules in unit volun\g is the
Avogadro’s number an@ is the concentration of the solution in moles. Th&ulated second-
order hyperpolarizabilities are tabulated in Tehle

The observed nonlinear response (Table 5) canxptired based on the electron
accepting ability of the groups present in the roole [44]. In the molecular structures of both
chalcones para-position of phenylene ring is substituted by flunagroup as electron donor
followed by an-bond and carbonyl group as an acceptorraethposition of benzoyl ring with
—Br and —NQ substituents at the other end as donor and acceagspectively. Hence, the
synthesized molecules possess an-B-n-D (F3BC) and Da-A-n-A (F3NC) type of
arrangement, where charge transfer takes place thhendonor ends to the acceptor ends of the
molecules, leading to nonlinearity. As given in Teab, it is found thatF3NC show larger
optical nonlinearity thar3BC, as expected, due to the higher acceptor strexidiBNC. In D—

A compounds, nonlinearity is mainly due to the geeatransfer from the donor to the acceptor
unit, i.e. the strong delocalization af-electrons. Effective charge transfer depends a@n th
molecular planarity and the twist in molecular aoniation may result in an ineffective charge
transfer leading to decrease in NLO response [PI9¢ planarity of the molecule increases the
delocalization of electrons and therefore enhahggerpolarizability. It is clear that the charge
transfer is more effective iF3NC with higher molecular planarity. The nonlinear iogk
parameters of present chalcones are comparabletiwetiiecently reported results under CW
regime (Table 6).

The excited state absorption cross sectmy) @nd the ground state absorption cross
section §g) determine whether the absorption is saturabtewerse saturable. If the excited state
cross section is greater than the ground states csestion, then the absorption is reverse
saturable, otherwise, it is saturable absorptiosing the open aperture Z-scan data, the excited

state absorption cross sectiay can be estimated by the relation,



T=I[1+ —2]/(-2) (10)

1+x2 14+x2

where x = Z/Z,, qo = agoedoLei/2hv, Fo = 2E/nm’ is the laser fluence at focus point dnds the
incident photon energy. The ground state absorptioss section which is proportional to the
linear absorption coefficient and concentratiorthef solution can be calculated by the relation
g4 = ag/N,C. The calculated ground-state absorption crossioseand the excited-state
absorption cross section BBBC andF3NC are in agreement with the conditions for observing
RSA and indicates that the nonlinearity here ipeissed with RSAde,> o) (Table 5).

For a molecular system, the two-photon absorptiooross section,
o,pa = hB/NC x 1073 (cm* s photoft moleculé'), describes the efficiency of a particular
molecule in the ground state to reach the exciisgga a two-photon absorption process. It can
be expressed in the Sl unit (GM) and defined asML %510 cm* s photoft moleculé!. The
calculated values of 2PA cross-sectiorF88C andF3NC are 3.41 x 1band 0.74 x 1DGM,

respectively.
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Fig.9. Normalized OA (a & b) and CA (¢ & d) Z-scan cun@<DMF solution ofF3BC (left
column) and=3NC (right column) at 0.01 M concentration.

Tableb
Third-order nonlineamoptical parametersand figures of merit?¢ and ??) for F3BC and
F3NC in DMF with a concentration of 0.01 M at 532 nradaexcitation.

Sample g B N, Rey® Imy® 49 Th oy Gox Gopn 1P 2P
(cm?) (emw?) (cm’W™) (esu) (esu) (esu) (esu) (cm?) (cmd) (GM) (W) (T)
x10° x10%® x10° x10® x10°® x10%® x10* x10%® x10®

F3BC 0.035 5.5 -0.45 -0.38 199 038 157 058 88 3.413.34 0.66
F3NC 0.082 1.2 -1.31 -1.13 044 113 464 136 78 0.7446 0.05




Table6

Recently reportefl andn, values of different materials with CW laser exiita.

SI.No. Materials B (cmW™) n, (cm°W™) References

1 Fast green FCF dye 6.5 x 10° 3.2 x10° [45]

2 Organic dye Nile blue 1.35x 10° 0.42 x10° [46]

3 Basic violet 16 dye -1.38x 10 2.81x10° [47]

4 Semiconductor ZnS -3.2x 10° 1.38 x10° [48]
nanoparticles

5 DMPM4NBCHM 8.62 x 10"  -7.82 x 10° [49]
(Hydrazone) (514 nm) (514 nm)

9.53x10° -3.39 x 10’
(488 nm) (488 nm)

3.5. One-photon (W) and two-photon (T) figures of merit

Two figures of merit were used to estimate whetiher materials can be used as all-
optical switching. They are one-photdV£n,l/apl) andtwo-photon T=p//n,) figures of merit
[50]. According to the requirements, it is neceggarachieve > 1 andT < 1. The determined
W and T values satisfy the requirements for the applicatbrall-optical switching devices
(Table 5) [51].

3.6. Optical Limiting (OL)

Optical limiters are devices which are transpawgniow input intensities, but become
opaque at high inputs, used for the protectionyafseand sensitive optical devices from laser
induced damage. The OL property of the chalcones imgestigated by using the OA Z-scan
data. Fig. 10 shows the transmitted energy of cima&s as a function of input intensi§8BC
and F3NC show strong optical limiting behavior as the saspiransmittance decreases with
increase in the pump intensity (Fig. 10). The atloniting threshold is determined to be 7.41
kW/cm?and 1.92 kW/crhfor F3BC andF3NC, respectivelyF3NC showed better OL response
thanF3BC sincethelower OL threshold means the better OL performanfce material. Optical
limiting was proved to be varied according to théeat of acceptor strength. This is consistent

with the physical origin of nonlinear absorptiortlwe compounds.
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Fig.10. Optical limiting behavior of (afr3BC and (b)F3NC.

4. Conclusions
In summary, third-order nonlinear optical propestiof two donor—acceptor chalcone
derivatives in DMF solution were investigated usthg Z-scan technique under the CW laser.

The study of third-order NLO properties reveald tih@ two chalcones exhibit similar nonlinear



absorption and self-defocusing behaviors in DMFusoh. The three-dimensional crystal
structures of newly grown chalcones were confirbgdingle-crystal XRD analysis. Through
chemical substitution, we were able to systemayichscern the effects of structural units on the
NLO properties. The TGA/DTA study shows that thevgn crystals are thermally stable up to
their melting point. The ideal one- and two-phofgures of merit suggest that these chalcones
should be desirable for potential applications ltpnic devices. The molecules exhibit good
optical limiting properties at 532 nm. All the alaoresults suggest that the grown crystals can be
utilized for NLO applications ranging from UV to arelR.
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Appendix A. Supplementary infor mation

Crystallographic information file dF3BC and F3NC was deposited at the Cambridge
Crystallographic Data Centre with CCDC depositiommber 1484019 and 1484020,
respectively. These data can be obtained free ofrgeh via http://www.ccdc.
cam.ac.uk/conts/retrieving.html (or from the CCOR,Union Road, Cambridge CB2 1EZ, UK;
Fax: +44 1223 336033; E-mail: deposit@ccdc.camkjc.u
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Highlights

» Donor-Acceptor substituted two chalcone derivativeeye prepared and were structurally
characterized by single crystal XRB.They exhibited enhanced nonlinear absorption, céba
and optical limiting (OL) action under continuousawe (532 nm) laser illuminatior® The
molecules possess optical limiting propertbs(.“) is of the order of 168 esu in the CW regime.



