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Abstract

Single crystals of a chalcone, (E)-3-(4-bromophgeay2-hydroxyphenyl)prop-2-en-1-
one (BHP), were grown by the slow evaporation sotugrowth technique. The structure is
elucidated by single-crystal X-ray diffraction aysbé and the crystal belongs to the monoclinic
system with noncentrosymmetric space group Pptical studies reveal that the absorption is
minimum in the visible region and the cut-off waamgth is at ~ 468 nm. The band-gap energy
was estimated by the application of the Kubelka—Kalgorithm. The powder X-ray diffraction
pattern reveals the good crystallinity of the aswgr specimen. The vibrational patterns in
FT-IR are used to identify the functional groupd #mermal studies indicate the stability of the
material. The second harmonic generation efficief@4G), as estimated by Kurtz and Perry
powder technique, reveals the superior nonlineaicalpcharacter of this material. Hirshfeld
surface analysis is done to quantify the intermdkacinteractions, responsible for developing a
nonlinear atmosphere. As-grown crystals were furttigaracterized by SEM, NMR, mass

spectrometry and elemental analysis.
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1. Introduction

Chalcones and their derivatives possess antioxi@atibacterial, antifungal, antitumor and
anti—-inflammatory properties1f4]. Organic molecules exhibiting second-order nonlinea
optical (NLO) properties have been synthesized dedigned for application in optical
communications, optical computing, data storagembaic generators, frequency mixing and
optical switching 5,6]. Among many organic NLO materials, chalcone denest are known
for their excellent blue light transmittanc@-{L1]. Recently, we have investigated the synthesis,
structure, growth and characterization of some admds [2-17]. Mostly they crystallize
centrosymmetrically and nonlinearity is not sustdirat the macro level due to orientation and
packing. Interestingly, the title compound crysta$ in a polar space group. The growth,
structure, characterization and NLO response of -3(@-bromophenyl)-1-(2-hydroxy-

phenyl)prop-2-en-1-one (BHP) are reported in thesent study.

2. Experiments

2.1. Synthesis

BHP was synthesized by Claisen—Schmidt condensatiaction[18]. The analytical grade
starting materialsp-bromo- benzaldehyde (Sigma Aldrich) amhydroxyacetophenone (Sigma
Aldrich) were used as such. 10 % sodium hydroxwlet®n was taken in a conical flask. A
mixture ofp-bromobenzaldehyde (0.01 mol) amhydroxyacetophenone (0.01 mol) dissolved in

ethanol (50 ml) was added dropwise to the conilzkf with vigorous stirringScheme 1).



During the synthesis, the temperature was maindalmtween 20-25 °C. After completely
adding the aldehyde—ketone mixture, the solutiors wtrred for another 60 min. Then the
reaction mixture was poured in ice cold water aedtralized with dilute hydrochloric acid. The
separated product was then filtered and washed extess of water and finally dried. The

synthesized crude sample was purified by successorgstallizations from ethanol.
2.2. Crystal growth

The crystals were grown by the slow evaporatiorhnegie at room temperature. A
saturated solution of BHP was obtained by dissgluime sample in ethanol with continuous
stirring at room temperature. This solution wateféd using filter paper, slightly warmed and
allowed to evaporate very slowly. After about 7 slagood quality, transparent, needle shaped
pale yellow crystals started growing. The photogeapf the needle shaped as—grown crystal are

shown inFig. 1
3. Results and Discussion

3.1. FT-IR spectroscopy

FT—IR spectrum of as—grown specini{€&ig. 2) was recorded using AVATAR 330 FT-IR by
KBr pellet technique in the spectral range of 4@B@&}cni'. The sharp absorption band at
~1658 cnit is due to carbonyl stretching ofp-unsaturated carbonyl group. The medium
intensity bands around ~2923 and ~2854'@re due to aliphatic C-H stretching vibrationse Th
sharp absorption band at ~668 tris assigned to C-Br stretching vibration. The rstro
absorption bands at ~1604 and ~1485'@re corresponding to C=C stretching vibration. The

observed FT—IR vibrational bands are listed @ble S1.



3.2. Powder X-ray diffraction analysis

BHP was finely powdered and subjected to powder XRBlysis using a Philips X'pert Pro
Triple-axis X—ray diffractometer at room temperatuising a wavelength of 1.540 A and a step
size of 0.008 The samples were examined with Cy fadiation in ® range of 10-50 The
indexed powder XRD pattern of as—grown specimesh@wvn inFig. S1along with simulated
one. The XRD profiles show that a sample is of Ieiqghase without any detectable impurity.
The well defined Bragg’s peaks at specifit @1gles show high crystallinity of the material.
Most of the peak positions in powder method andukited XRD pattern derived from single
crystal XRD coincide. Differences in mosaic sprefgpowder and single crystal patterns, and
preferred orientations of the sample possibly tesul significant intensity variations, as

expected.
3.3. Thermal study

In order to test the thermal stability of BHP theerimogravimetric analysis (TG) and
differential thermal analysis (DTA) have been cadrout simultaneously using NETZSCH STA
449F3 thermal analyzer in nitrogen atmosphere. TTGATA thermogram of the BHP is shown
in Fig. S2 Weight losses due to decomposition are obserted280 and 280 °C. An
endothermic transition at ~130 °C indicates thetimglpoint of the specimen and it was
confirmed by using Sigma instrument (127-131 °C)timg point apparatus. The absence of

endo or exothermic transition below 130 °C indisdtee crystal stability.



3.4. Scanning electron microscopy (SEM)

The SEM images were taken at maginification valiees250X and 500X with maximum
values of 15 kV using a JEOL JSM 5610 LV scannilegteon microscope. The SEM images

are shown irFig. 3. Bar like shape with surface imperfections arecobed.
3.5. Optical studies

Diffuse reflectance spectra of the samples wererded in the region 200-800 nm using the
DRA-CA-30I accessory and converted to absorptiecsp using the Kubelka—Munk function.
The UV-DRS spectrum was measured in the region08200 nm. The optical reflection
spectrum(Fig. S3 see supplementary dateghows good reflectance in the visible region dnad t
lower cut—off wavelength is ~468 nm. The Kubelkdlunk theory[19] provides a correlation
between reflectance and concentration. From the paats, F(R)hv] as a function ohv where
F(R) is Kubelka — Munk fuction, indirect and direct bagap energies of the specimen are

deduced as 2.69 and 2.89 eV respectively, as shokig. 4.
3.6. Nuclear magnetic resonance (NMR) spectroscopy

'H NMR and **C NMR spectra were recorded on BRUKER AVIIl 400 MMMR
spectrometer operating at 400.13 MHz fiii and 100.61 MHz for'*C using standard
parameters. BHP is dissolved in 0.5 ml of Cpstilvent and TMS (tetramethylsilane) was used

as an internal standard.

The'H-NMR spectrum of BHP is shown Fig. S4a (see supplementary dataThere is

a sharp singlet at 12.77 ppm corresponding to Ostopr of the phenolic group. The two



doublets at 9.26 and 7.86 ppm are duesfBunsaturated proton of the aliphatic group. The

aromatic phenyl protons appeared in the ranged&-%.67 ppm corresponding to eight protons.

The **C-NMR spectrum is shown iffig. S4b (see supplementary data)The weak
signal at 193.5 ppm corresponds to the carbonybarar The hydroxyl substituted carbon
appeared at 163.6 ppm. The signals at 144.0 an® 1fn are due ta,f-unsaturated carbon.

The aromatic phenyl carbons appeared in the rahgg87-136.6 ppm.
3.7. Mass spectrometry

Mass spectra were recorded on a LCMS-2010A Repmettsometer using electron
impact techniqudgFig. S5) (see supplementary data)The molecular ion peak observed at
m/z = 303 [(M)]is in good agreement with the calculated molecwisight. These observations

are well supported by single crystal XRD analysis.
3.8. Elemental analysis

Elemental data are collected by FLASH EA 1112 seoé CHN analysis. BHP was
finely powdered and subjected to elemental analybige calculated values of carbon and
hydrogen coincide with experimental valugsg. S6) (see supplementary dataMolecular

formula = GsH11BrO,; C = 59.43 (cal), 59.62 (exp); H= 3.66 (cal), 3(B&p).
3.9. Single crystal X-ray diffraction analysis

The structural analysis of BHP was carried outd@elected sample of approximately
0.25 x 0.16 x 0.10 musing Bruker AXS (Kappa APEXIl) X-ray diffractometevith
Mo Kq radiation f = 0.71073 A). The structures were solved and eefiby full matrix least

squares on Fwith WinGx software package utilizing SHELXS97 a8HELXL97 modules.



It belongs to the monoclinic system with noncensgmmetric space groug2; and the cell
parameters are, a = 6.9540 (6) A, b = 4.0025 (3} A,22.8414 (18) Ay = 90°,4 = 94.768
(3)°,y = 90°, V = 633.55 (9) Aand Z = 2. TheORTEP and packing diagram are shown in
Fig. 5 and the crystal data are listed Tmble 1. The crystal stability and cohesion are
achieved by intermolecular C-HD hydrogen bonds. Crystal packing diagram alongatad

‘b’ axis are shown akigs. 6-7.
3.10. Hirschfield surface analysis

Hirshfeld surfaces are generated from the crysééh dising the DFT method with 6-
31G(d) as basis set. The Hirshfeld surfaces of BHRlisplayed ifrig. 8, showing surfaces that
have been mapped overdaorm, de, di, shapeindex and curvednesf20-22]. The surfaces
representing the circular depressions (deep reib)lgion the Hirshfeld surface are indicative of
hydrogen bonding contact spots due to O-H...O (7.5i8tgractions Fig. 8a) and O...H
(7.5 %), H...O (6.5 %), H...H (41.2 %), Br...H (7.6 %)rtacts Fig. 8c). The deep red colour
spots indi (Fig. 8d) are strong interactions such as H...Br (4.1%), H.4H.Z %) and H...O
(6.5 %). Theshapeindex (Fig. 8b) surface indicates the electron density surfacpesheound the
molecular interactions. The small range of areal@hd color on the surface represents a weaker
and longer contact other than hydrogen bonds. clingedness surface(Fig. 8e) indicates the
electron density surface curves around the moledgaotaractions. The surfaces in the crystal
packing along the b-axigig. 9) clearly indicate the C-H...O interactions. Graphicahges of
crystal voids, empty regions present in the crylsitéice packing along a, b and ¢ axes are shown
in Fig. 10. The deformation density represents difference betwthe total electron density of a

molecule and the electron density of "neutral sighéunperturbed atoms" superimposed at the



same of the molecule. Deformation density cleakpl&ns the surface interaction energy of

every atom and bond present in the BHP as showiginll.

3.11 Fingerprint analysis

Fingerprint plots[23] are generated from the crystal data using the DEThad with
6-31G(d) as basis set for evidencing and quantifyire intermolecular interaction patterns. The
O...H (7.5 %) interactions are represented by a spikbe bottom area~{g. 12 whereas the
H...O (6.5 %) interactions by a spike in the top kefgion. Hydrogen-hydrogen interactions,
H...H (41.2 %) are very high compared to the otherding interactions. Sharp curved spike at
the bottom right area indicates the Br...H (7.6 %) top left corner with curved spike indicates
the H...Br (4.1 %). The finger print at the bottorght area represents C...H (6.0 %) interactions
and top right area represents H...C (4.0 %) intavasti The finger print at the top centre area
represents C...Br (1.1 %), Br...C (1.2 %), C...C (15.8 @)..0 (0.8 %), C...O (0.4 %), O...C
(0.4 %) and Br...Br (3.2 %) interactions. Strongemactions occupy more space and weak
interactions occupy less space in the fingerpiiott Fhe combination odle anddi in the form of
a two-dimensional fingerprint plot provides a sumynaf intermolecular contacts in the crystal.

Relative contributions of various intermoleculateractions in BHP are shown fing. 13.

3.12 Second harmonic generation efficiency

In order to confirm the influence of the nonlinegptical properties of the as-grown
specimen, it was subjected to SHG test using Kamtz Perryj24]technique. The output gives
relative nonlinear optical efficiencies of the maesl specimens. The doubling of frequency
was confirmed by the green color of the output aidn of characteristic wavelength

532 nm. With an input beam energy of 5.70 mJ/puldeP sample was used as reference



material (2, =102 mV) and the powder SHG efficiency of BHP i@snd to be superior to that

of KDP (12,= 536 mV).

Large first-order hyperpolaraizabilit§f) of magnitude aboutfB5 times that of urea, as
estimated by density functional theory (DFT) metiwith 6-31G(d,p) as the basis set and a
significant SHG- activity nearly five times that KDP clearly substantiate the NLO response of

the chalcone. Higher thg highest the charge transfer.

Organic molecules containing extended@onjugation are characterized by large values of
the second harmonic generation efficiency showiggiicant NLO activity. The strong inter-
and intramolecular hydrogen bonding enhances cheagsfer and it is responsible for nonlinear

optical character.

4. Conclusion

Transparent needle like crystals (@)-3-(4-bromophenyl)-1-(2-hydroxyphenyl)prop-2-
en-1-one were grown in ethanol by the slow evapmasolution growth technique at room
temperature. The product formation was confirmed HAy-IR, NMR, LC-Mass, elemental
analysis and single crystal XRD analysis. The afiegraphic data indicate that the specimen
crystallizes in the monoclinic system with nonceayimmetric space groug2;. TG/DTA study
reveals the purity of the sample and no decomposit observed up to the melting point. The
analysis of the Hirshfeld surface derived fingempplots is shown to be an effective method to
identify and quantify various types of intermoleaulinteractions. A superior SHG-activity
clubbed with highp caused bynter- / intramolecular interactions and close pagkprove this

chalcone as a promising NLO candidate.
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Table 1. Crystal data and structure refinement for BHP

Empirical formula CisH11BroO;
Formula weight 303.15
Temperature 296(2) K
Wavelength 0.71073 A

Crystal system, space group

Unit cell dimensions

Volume

Z, calculated density
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Limiting indices

Reflections collected/unique
Completeness to theta = 22.20
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on ¥

Final R indices [I > 2sigma(l)]
R indices (all data)

Absolute structure parameter

Extinction coefficient

Largest diff. peak and hole

Monoclinicy P2
a = 6.9540(6) A, a= 90°
b = 4.0025(3) A, p = 94.768(3)°
c =22.8414(18) A,y = 90°
633.55(9) A
2, 1.589 Mgim
3.234 mm
304
0.250 x 0.160 x 0.100 thm
0.895 to 22.602 °.
6<h<7,-4<k<3,-23<1<24
3211/ 1633 [R(inf).6249]
99.7 %
None
Full-matrix least-squares dn F
1633/2 /168
1.046
R1 = 0.0394, WRDH953
R1 = 0.0464, wR2 = 0.0992
0.016(11)
0.002(4)

0.678 and -0.56672. A




Figure captions

Fig 1. Photographs of BHP.

Fig 2. FT-IR spectrum of BHP.

Fig 3. SEM images of BHP.

Fig 4. Tauc plot of BHP (a) direct and (b) indirect bayap energy.

Fig 5. (a) ORTEP (b) packing diagram of BHP.

Fig 6. Crystal packing diagram of BHP along ‘a’ axis.

Fig 7. Crystal packing diagram of BHP along ‘b’ axis.

Fig 8. Hirshfeld surfaces of BHP (aporm (b) Shapeindex (c) de (d) di (e) curvedness.

Fig. 9. Hirshfeld surfaces: (ajnorm in crystal packing with H-bond contacts, @japeindex in
crystal packing, (curvedness in crystal packing, (ddle surface in crystal packing, and (@)
surface in crystal packing.

Fig 10. (a) Crystal voids in packing along the a axis@pystal voids in packing along the b axis
(c) Crystal voids in packing along the c axis.

Fig 11. (a) Deformation density and (b) hydrogen bonding exté&ons along with deformation
density of BHP.

Fig 12. Fingerprint plots representing quantity of molecuhteractions of BHP.

Fig 13. Quantities of molecular interactions represented pie chart.
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Research Highlights

Growth of anew organic NLO active crystal, a chalcone derivative is reported.
Band gap energy is estimated by Kubelka- Munk function.

Structure is elucidated and inter-/intramolecular hydrogen bonding interactions
are analyzed by Hirshfeld surface and fingerprint analysis.

Superior NLO activity than the reference material KDP is observed.



