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(2) The molecular structure efEPC with 50% ellipsoids probability (b) The twistechgk group from the planarity of the compound (c)eTdrystal
packing ofAEPC. Dashed lines represent the intermolecular C—Hhydbogen bonds.
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ABSTRACT

Single crystal of £)-1-(4-ethylphenyl)-3-(4-(heptyloxy)phenyl)prop-2-&-one 4EPC) was grown in
acetonitrilevia slow evaporation solution technique. The molecimucture of4AEPC was then
confirmed by single crystal X-ray diffraction ansily and the crystal exhibited monoclinic with
centrosymmetric space group GR2/c. The synthesised molecule 6EPC was fully characterized
using spectroscopic techniques by Fourier-Transfaonfmared (FT-IR) spectroscopy, Nuclear
Magnetic ResonancéH and**C NMR), thermal stability analysigia Thermogravimetric analysis
(TGA) and electronic transitions through UV-visiblanalysis. In addition, the theoretical
investigations on its electronic properties via M¥-analysis o4EPC was calculated using time-
dependent TD-DFT B3LYP/6-31G (d, p) level of theotg predicted, the experimental results were
complimentary to the theoretical findings. The Hfedd surface analysis contributes to the study in
the aspect of the nature of intermolecular intéoast as well as fingerprint plots which gave the
information on the percentage contribution from hededividual contact. Molecular electrostatic
potential (MEP) analysis provides an initial infation on the charge concentration throughout the
molecule 4EPC which designated the possible interaction siteo¢our. Moreover, the nonlinear
optical (NLO) properties ofEPC was calculated to gain further understanding enpbssibility of
developing this compound as NLO material. CalcdlatO results found that the polarizability and
1% order hyperpolarizability ofEPC is -2.13 x 10” esu and 1.27 x 18 esu respectively which is
greater than the value of brder hyperpolarizability of ureg € 0.372 x 13° esu). The high values
obtained from the calculated NLO were due to tipoldi, molecular alignment and also from the non-
covalent interaction within crystal d¢EPC which can be developed further as potential oyhgiht
emitting diode application.

Keywords: alkoxy-chalcone; DFT; NLO; spectroscopig;stal structure

1. Introduction

Chalcones are from flavonoid family that consisttwb aromatic rings with different array of
substitutions linked by, B-unsaturated carbonyl moiety. These class of deéves exhibit donor-

donor molecular system (D-D) which can enhance their functionality in vasdields of interest. It



possesses conjugated double bonds and a delocal&edtron system on both aromatic rings [1-5].
Various different methods have been applied inomeynthesis chalcone derivatives, however, most
reported chalcones have been synthesized by siamgleénexpensive methoda condensation as a
product between aromatic aldehydes and aromatmnkstin the presence of strong base catalyst
known as Claisen-Schmidt reaction [6-8]. Chalcoaes bichromophoric molecules separated by
ketovinylenic group (CO-CH=CH-) andconjugated bridges and they exhibit numerous ctanaind
physical properties, such as optical and fluoresegmoperties [9-11], electrical properties [12Han
provide broad spectrum in biological activities {15]. Due to their excellent performances, chalsone
have attracted much attention for past decadesaltieeir potential technological application in the
fields of photochemical sensors [16, 17], fluoresqaobes [18], optical nonlinearities [19, 20] aasd
conductive organic solar cells [21, 22]. The méiaracteristics of functionalized chalcone derivediv
are they adopt molecular flexibility, having strodgnor-acceptor intermolecular interaction, rich in
the delocalizedn-electrons system and attaining low dielectric tams All these unique

characteristics show that chalcone derivatives higt potential in photovoltaic devices applicaon

In fact, the distinctive characteristics of lowrdg n-n” transition occurs from the aromatic ring
to the alkene chain can permit the variation ofitftense transition by adding suitable substituémts
the aromatic ring. Electronic profile of chalconeridatives was carried out mostly at their singlet
states oft-n transition to determine their absorption specfraubstituted chalcones. Conjugation
between substituted phenyl ring with alkene gro@vega significant effect in the absorption
maximum with a greater extent compared to the tei@umoiety which involves conjugation between
carbonyl and aromatic ring [23]. Both systemsgB-and D«-D can lower the energy level of.2
state which is great significant in the developmeftmolecular electronics. These promising
characteristics of chalcones derivatives have a#idaresearchers’ attention to design new classes o
chalcones featuring B-D which should provide further understanding omucural property
relationship related to non-linear optical propestiln development of new active materials in the
interest of molecular electronic application such arganic light emitting diode (OLED), optical

switching, photovoltaic organic solar cells andicgdtrectification, nonlinear optical (NLO) matdsa



with large and fast NLO responsad their hyperpolarizabilities are crucial factéos extensive
research in molecular electronic application. Agéamumber of advanced materials have been
investigated for NLO properties, in which organiatarials are attractive due to their variety, high
nonlinearity, ultra-fast response and the flexipithey offer to change the optical properties tigto
structural modification. Nowadays, great attenth@s been given to organic NLO materials because
of their first ) and secondy] hyperpolarizabilities and high laser damage tasite compared to
inorganic materials [24, 25]. A versatile syntheiiganic chemistry can be applied to prepare, ngodif
and optimize targeted molecular structure to $ét teed and requirement of molecular electronics
with a desired structure to maximize their utility advanced industrial needs. Hence, organic

materials can simply be known as the “materialSdture”.

In the view of fundamental aspect, the structureoojanic materials exhibiting NLO
characteristics is based anrtbond system in which the overlapping oforbital increases the
delocalization of electronic charge distributioattiyave high mobility of the electron density which
turn exhibit enhanced optical nonlinearity relatedhe level of second-harmonic-generation (SHG)
[26, 27] that inherently depends upon its strudtat&ributes. Chalcone derivatives have received
much consideration because of thgaod crystallizability and high optical nonlinegritiue to its
extended conjugation length. The hydrogen bondimgraction andrt-n interaction are the most
important factors of all intermolecular interacodue to their strength and directionality [28,,29]
where the strong hydrogen bonds are widely usduiild multidimensional molecular structures. The
presence of strong intermolecular interactions sagthydrogen bonds can enhance level of charge
transfer between molecules, owing to their eletitas and directed nature, thereby enhancing the

SHG response.

The theoretical calculationga qguantum mechanical fluctuations techniques bagedensity
functional theory (DFT) can support and comparéwitir experimental values. In recent years, our
group have been involved in synthesis, charactesizaand computational chemistry studies of
various organic molecules in vast applications 32p- The outcomes have proven to be highly

successful in describing the structural properéied the simplest as well as the easiest methods to



understand the electronic characteristics of anyeomtar system of interest that having specific
functionality. In fact, to identify the presence fahctional groups substitution, structural behavjo
molecular interaction and absorption maxima praegrtspectroscopic studies have emerged as
excellent tools among materials characterisatiahrtigjues. The obtained experimental data were
counterchecked by DFT calculations and in additmnhis, the X-ray single crystal data sets were
also compared. From DFT calculation, NLO propertiéghe synthesized moleculdEPC) were

described along with a crystal engineering of malle¢o attain a centrosymmetric network.

With respect to molecular electronic developmenhal@ones have achieved much
consideration because of their excellent NLO prig®r exhibit higher power conversion energy,
chemical inertness, high damage threshold and piasehing properties. Moreover, this molecular
framework is also known for their excellent blughli transmittance, large NLO coefficients and short
cut-off wavelength of transmission contributed rhaidue to the presence of conjugated double
bonds. Due to the effect from conjugation, eledroemain delocalized within the molecule and
influence the performance on electron polarizahilib organic molecules, the NLO properties like
molecular hyperpolarizability can be further entethby substituting different functional groups of
both sides of chalcone which promote highly poksle conjugated bridge. Considering both aspects
of experimental and theoretical factors, the sysithef new organic materials with enhanced NLO
property (second and third order NLO) is a contigufield of research. In this direction we are
reporting the synthesis and characterization of nkalcone derivativesEj-1-(4-ethylphenyl)-3-(4-

(heptyloxy)phenyl)prop-2-en-1-ondEPC) along with its mechanical and thermal properties.
2. Materials and methods

All chemicals, solvents and reagents used in ghisly namely 4-hydroxyacetophenone, 1-
bromoheptane, 4-ethylbenzaldehyde, potassium catéorsodium hydroxide, hydrochloric acid,
dimethylformamide, ethanol, hexane and ethyl aeetatre purchased from well-known local and
international suppliers as analytical reagents sicMerck, Across Organic, HmBGSigma Aldrich

and R&M Chemicals and used as received withouhé&uripurifications. Reactions involved were



carried out under an ambient atmosphere withoutpaegaution steps to omit humidity interferences

during synthetic work-up.

2.1 Characterisation and instrumentation

'H and**C Nuclear Magnetic Resonance (NMR) spectra wererded in CDCJ using Bruker
Avance lll 400 Spectrometer in the rarige0-15 ppm andc 0-200 ppm accordingly with reference
to the trimethylsilane (TMS) as internal standéfdurier-Transform Infrared (FT-IR) spectra were
recordedvia Perkin Elmer 100 FT-IR spectroscopy using potassiwomide (KBr) pellets within
spectral range 4000 — 450 ¢nfor electronic transition analysis, UV-Visibleidy was performed by
using Shimadzu UV-Vis in 1 chruvette. Afterwards, thermogravimetric analysissvearried out
using Perkin-Elmer TGA analyzer from 30 to 900°Gadieating rate POC/min under nitrogen flow

consistently.

2.2 Sngle Crystal X-Ray Diffraction Analysis

Single crystal suitable for X-ray analysis wasf@ened on APEXII Duo CCD area-detector
using MoKao. radiation § = 0.71073 A). Data collection was performed using APEX2 software
[33], whereas the cell refinement and data rednattere performed using the SAINT software [33].
The crystal structure was solved by direct methsidgithe program SHELXTL [34] and refined by
full-matrix least squares technique on? Rising anisotropic displacement parameters by
SHELXTL2014 [35]. Absorption correction was appligdthe final crystal data using the SADABS
software [33]. All geometrical calculations werer@ad out using the program PLATON [36]. The
molecular graphics were drawn using SHELXTL [35¢l &ercury [37] programs. The non-hydrogen
atoms were refined anisotropically. All the hydroggtoms were positioned geometrically (C—H =
0.93, 0.96 or 0.97 Aand refined using riding modelfH) = 1.2 U(C). The ethyl substituent group
attached to one of the terminal benzene ringssisrdered over two sites with refined occupancies of
0.731 (14): 0.269 (14). In the final refinementearutlier (2 0 0) was omitted. A summary of crystal

data and relevant refinement parameters of tleeditimpound is given in Table 1.



Table 1 Crystallographic refinement data.

Refinement Parameters

CCDC deposition numbers

CCDC 1867813

Molecular formula GiH3.0,
Molecular weight 350.48
Crystal system Monoclinic
Space group C2/c
a(h) 46.746 (7)
B (A) 8.3426 (12)
C(A) 10.8945 (15)
a (%) 90.00
B(°) 92.993 (5)
y(°) 90.00
V (A% 4242.9 (10)
z 8
Deac (Mg m®) 1.097
Crystal Dimensions (mm) 0.46 x 0.45 x 0.25
w (mm™ 0.07
Radiation (A) 0.71073
F(000) 1520
T/ Trmas 0.8561/ 0.9534
Reflections measured 55021
Ranges/indiced(k, I) h =-60-60
k=-10-10
| =-14-14
0 limit (°) 1.8-27.7
Unique reflections 4917
Observed reflections 1846
(1> 20(1))
Parameters/Restraint 258/1
Ry ™, wR, P [I > 26(1)] 0.060/0.226
Goodness of fif! onF? 0.99
Rint 0.075
Largest diff. peak and hole, e7A 0.15 and - 0.10

w = 1/[6%(F,Y) + (0.094P)" + 0.831%], whereP = (F,” + 2F.)/3; [a] R = Z|[Fo| — FellZIFo|, [b] WR= {WZ(|Fo| —
IF)ZEWIF Y2 [c] GOF = {=w([Fo| — Fe)#(n—p)} % wheren is the number of reflections anmthe total
number of parameters refined.

2.3 Theoretical calculations: Density functional theory (DFT)

All the involved theoretical calculations were edted by Gaussian 09 program package [38]
featuring density functional theory (DFT). The iai¢ geometry fodEPC was retrieved from the
crystal structure. Optimization @gfEPC was carried out without using symmetry restrictiat the

theoretical level of DFT B3LYP/6-31G (d, p) baset &nown to be as a practical strategy to compute



the structure ol EPC. FMOs and MEP properties were also executed atyB2h-31G (d, p) level of
theory. Theoretical electronic transition #EPC was computed employing time-dependent density
functional theory (TD-DFT) with B3LYP level and &G (d, p) basis set, while the input file and data

interpretation were organized and utiliaed GaussView 5.0 [39].

3. Experimental work

3.1 Synthesis of 4-heptyl oxyacetophenone

Reaction work-up details with respect to the sgsih of precursor 4-heptyloxyacetophenone
followed as stated in the previous literature [4@]hydroxyacetophenone (0.14 g, 1 mmol), 1-
bromoheptane (0.18 g, 1 mmol) and potassium cated@a40 g, 3 mmol) were charged into 2-neck
round bottom flask with 65 mL of dimethylformami@i@MF). The reaction mixture was put at reflux
with continuous stirring for 24 hours. Once thectem was adjudged completion using Thin Layer
Chromatography (TLC) hexane: ethylacetate: 3:2, thaction mixture was cooled to room
temperature, then poured over to 50 mL water amchebed with hexane (50 mL x 2). The organic
fractions collected was separated and washed Witadqueous NaOH (25 mL) and then with aqueous
1M HCI (25 mL). Organic layer obtained was driecioiNgSO, and continually dried under reduced

pressure to yield 4-heptyloxyacetophenone. Scherthesirates the synthetic pathway to synthesis 4-

hydroxyacetophenone.
Q 4, K,COs, DMF O
+ Br—C7Hs >—©70_C7H15
H3C Reflux H4C

Scheme 1Synthesis of 4-hydroxyacetophenone.

3.2 Synthesis of (E)-1-(4-ethyl phenyl)-3-(4-(heptyl oxy) phenyl) prop-2-en-1-one (4EPC)

4EPC was synthesiseda Claisen-Schmidt condensation reaction betweentisutiesi ketone
and aldehyde derivatives. The analytical graddistamaterial ofp-ethylbenzaldehyde (0.13 g, 1
mmol) and the synthesised 4-hydroxyacetophentn@ (23 g, 1 mmol) were dissolved in ethanol (40

mL) in the presence of catalytic amount of 15% Na&#ution (approximately 15 mL) was added



drop-wise to the solution with vigorous stirringdaput at reflux forca. 3-4 hours. Once the reaction
was adjudged completiomia Thin Layer Chromatography (TLC) hexane: ethylaeets:2, the
reaction mixture was cooled to room temperature thed poured into beaker containing some ice
cubes. The resulting precipitate were then filteredshed with distilled water and dried over silica
gel. The obtained crude product was subjected toystllisation from methanol to obtain the

corresponding alkoxy-chalcone derivatidd=PC) as in Scheme 2.

(@)
S
0 (@) NaOH
H;CH,C + @O‘C7H15 -
H H,C EtOH HaCH,C 0-CzH¢s

4EPC

Scheme 2Synthesis ofiEPC.
4. Results and discussion

4.1 Spectroscopic studies

411 NMRanalyss

The synthesised moleculéEPC) was obtainedia simple Claisen-Schmidt method in good
yield. To elucidate the synthesis of our targeteslecule,4EPC was characterizedia following
spectroscopic technique¥d and**C NMR spectra were recorded operating at 400 MH¥ H00.6
MHz for 'H and **C respectively using standard parameters in GB6lvent and trimethylsilane
(TMS) was used as an internal standard. Bsthand *°C NMR spectra o4EPC are shown in
Supplementary material TH NMR spectrum of4EPC revealed triplet resonances at shielding
position ofdy 0.828 ppm corresponded to the methyl (aliphatiojgn. Whilst, for methyl substitution
at aromatic position, the triplet resonances camlmerved aby 1.187 ppm. Multiplet overlapping
resonances at regidiy 1.220 — 1.762 ppm were attributed to the,Galiphatic) group. However,
CH,O was positioned at the deshielded regiod,&®.965 ppm due to the electronegative effect from
oxygen atom nearby. Additionally, there were ardphenyls protons appeareddat6.884 — 7.996

ppm corresponding to total of eight protons. The tlwublets aé, 7.464 ppm andy 7.702 ppm with



characteristic coupling constant® ¢f 15.6 Hz for both doublets are corresponded, frunsaturated
protons (CH=CH) of aliphatic groups [41, 42]. Thigher value of coupling constant proved the
existence oE-geometry of double bond in chalcones and alsoicoetl the purity of the synthesized
4EPC. For the®C NMR, nine signals within shielded range 13.1 — 67.3 ppm represents alkyl
carbons. The aromatic phenyls carbons appear&d1#7.5 — 161.9 ppm. Two consecutive moderate
signals atc 113.2 ppm andc 119.9 ppm are due to the presence,di-unsaturated carbons. The

peak resonated &t 187.8 ppm was attributed to the presence of catl{@+O) carbon atom.

4.1.2 Vibrational analysis

The FT-IR spectrum oAEPC was recorded using Perkin EImer 100 FTIR spectrtapheter
within the spectral range 4000-450 tnThe experimental and simulated FTIR spectrum using
DFT(B3LYP) method using 6—-31G (d, p) functional ah®wn in Supplementary material 2. All the
experimental and theoretical vibrational frequescfer the synthesized compound, along with
corresponding vibrational assignments are givemahle 2. From experimental data, it showed five
absorption bands of interest represents the berdifdh, CH (alkane), C=C, C=0 and CH aromatic.
The sharp absorption band at 1650'ds1 due to the carbonyl (C=0) stretchingopff-unsaturated
carbonyl group while the DFT calculation gives thiede at 1642 cfh Absorption of C=0 was
observed at lower wavenumber due to the effect fiehocalization oft-electrons between andf
carbons which decreases the C=0 order and thusasiog the bond order between the carbonyl
carbon andx carbon atom. Additionally, another characteriétend shown by chalcone was C=C
stretching vibration between 1602 ¢rand 1464 ciin the IR spectrum and at 1588 and 1623'cm
theoretically, at which the wavenumbers were vagiggending on the substituents group attached to
the chalcones molecular framework. Moreover, theliom intensity bands at around 2869 tm
2938 cnt are attributed to aliphatic C-H stretching viboat while the DFT calculated vibration for
C-H were observed in the range 3119 — 3174 .whilst two distinctive peaks at 1464 ¢rand 1396
cmi' in the IR spectrum and 1324 — 1394 ctheoretically due to the presence of {QHending).
Weak intensity bands at 3082 ¢nfexperimentally) and theoretically at 3058 — 3088" was

assigned to C-H (aromatic).



Table 2 Experimental and theoretical vibrational frequesadf the compound and their respective
assignments.

Theoretical IR (B3LYP/6-31G (d, p))

Experimental  Freq (Scaled),

IR (cm?) cm® Intensity Unscaled freq, cth  Vibrational assingments
3174 15.75 3229 vCH
3168 22.88 3222 vCH
3160 1.01 3214 vCH
3156 3.07 3211 vCH
3146 14.78 3200 vCH
3142 1.43 3196 vCH
3137 20.99 3191 vCH
3119 15.46 3173 vCH
3118 17.19 3172 vCH
3082 3113 1.70 3167 vCH
3069 30.58 3122 vCH
3065 51.65 3118 vCH
3058 42.38 3111 vCH
3053 66.93 3105 vCH
3041 73.60 3094 vCH
3027 8.83 3080 vCH
3019 58.19 3071 vCH
3004 0.03 3056 vCH
2994 41.68 3045 vCH
2993 23.57 3045 vCH
2992 38.24 3044 vCH
2990 38.38 3042 vCH
2990 0.11 3041 vCH
2986 43.89 3037 vCH
2983 0.17 3035 vCH
2975 80.21 3027 vCH
2968 12.50 3020 vCH
2938 2962 3.74 3013 vCH
2959 0.62 3010 vCH
2869 2953 23.09 3004 vCH
1707 126.29 1737 vC=0
1650 1642 146.99 1671 vC=0
1632 573.23 1660 vC=0
1623 139.94 1651 vC=0
1602 1588 0.34 1616 vCC
1584 34.21 1612 vCC

1530 9.76 1557 vCC



1464

1396

1528
1508
1502
1496
1495
1487
1487
1485
1480
1475
1475
1474
1438
1434
1416
1403
1398
1394
1384
1355
1345
1342
1338
1334
1330
1324
1319
1305
1305
1302
1297
1289
1280
1255
1255
1231
1225
1219
1210
1209
1189
1176
1174
1130
1128
1123

52.54
49.24
6.12
1.72
5.78
5.56
0.46
7.36
0.36
2.27
0.04
0.36
21.57
15.92
37.31
0.86
2.71
1.49
1.08
310.23
5.29
1.26
16.30
76.02
13.72
0.18
0.30
0.03
60.96
7.15
0.06
102.65
406.12
0.23
1.19
0.92
297.69
1.60
21.71
0.64
2.72
1.06
450.87
11.54
15.49
4.61

1554
1534
1527
1522
1521
1513
1512
1511
1506
1501
1501
1500
1463
1459
1440
1427
1422
1418
1408
1378
1368
1365
1361
1358
1353
1346
1342
1328
1327
1325
1320
1311
1303
1277
1277
1253
1246
1240
1231
1230
1210
1197
1194
1150
1148
1143

vCC
vCC
vCC
vCC
vCC
vOC
vCC
vCC
vCC
vCC
vCC
vOC
vCC
vCC
vCC
vCC
vCC
vCC
bCCC
bCCC
bHCC
bHCC
bHCC
bHCH
bHCH
bHCH
bHCC
bHCC
bHCC
bHCH
bHCC
bHCC
bHCC
bHCC
bHCC
bHCO
bHCH
bHCC
bHCH
bHCC
bHCH
bHCC
bHCC
bHCC
bHCH
bHCC



1068
1065
1054
1053
1047
1041
1033
1018
1017
1014
1013
1004
985
976
957
952
948
936
926
893
887
869
846
837
836
831
823
812
802
781
774
755
737
730
725
718
674
645
637
633
554
537
518
509
492
465

2.69
21.13
9.40
7.32
60.02
1.58
164.17
19.29
1.35
48.10
0.46
25.06
2.55
0.27
5.04
0.24
0.27
1.01
0.01
2.52
0.60
0.36
6.04
0.91
13.63
0.40
73.10
0.37
5.70
0.77
1.68
8.29
0.21
4.15
4.64
3.65
3.26
2.31
31.65
43.92
22.31
2.56
7.22
1.54
13.34
0.81

1087
1084
1072
1071
1065
1059
1051
1036
1035
1031
1031
1021
1002
992
974
968
965
952
942
908
902
884
861
852
850
845
837
826
815
794
788
768
749
742
737
731
686
656
648
644
563
546
527
518
500
473

bHCH
bHCH
bHCH
bHCH
bOCC
bCCC
bCCC
bCCC
bCCC
bCCC
bCCC
bCCC
bCCC
bOCC
bCCC
bCCC
bCCC
bCCC
bCCO
bCOC
bCCC
bCCC
bCCC
bCCC
bCCC
bCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
tHCCC
THCOC
tHCOC
tHCCC
tHCCC
tHCCC



446 4.86 453 tHCCC

416 0.02 423 tHCCC
410 0.34 417 tHCCC
394 1.01 401 tHCCC
376 1.43 383 tHCCC
364 0.96 370 tHCCC
340 0.10 346 tHCCC
302 0.19 308 THCCC
289 5.62 294 tHCCC
263 0.74 267 THCCC
242 0.01 246 1CCCC
238 0.02 242 1CCCC
216 0.07 220 1CCCC
213 1.37 217 1CCCC
171 2.16 174 1CCCC
162 0.82 165 1CCCC
158 0.05 161 1CCCC
146 1.67 149 1CCCC
136 0.39 139 1CCCC
130 0.62 132 1CCCC
116 0.36 118 1CCCC
106 0.01 108 1CCOC
96 0.44 98 1COCC
84 1.49 85 1CCCO
61 0.22 62 1CCCC
51 0.19 52 1CCCC
47 0.02 48 1CCCC
43 0.11 44 1CCCC
32 0.03 33 1CCCC
26 0.47 26 wOCCC
20 0.09 20 wOCCC
14 0.04 14 wCCCC
11 0.05 11 wCCCC

v:stretching; b:in plane bending; w:out-of-plane bending; z: torsion.

4.2 Molecular and Crystal Sructures Analysis

The molecular structure @dfEPC (Fig. 1. (a)) crystallizes in monoclinic crystaistem with
C2/c space group where the unit cell parametersiard6.746 (7) Ap = 8.3426 (12) Ac = 10.8945
(15) A, B= 92.993 (5}, a =y= 9C° and Z=8. The-para substituted ethyl group (C1 @a)on the
terminal phenyl ring is disordered over two posifiavith refined site occupancies ratio of 0.731):(14

0.269 (14). The bond lengths and angles are withé normal ranges and comparable with the



previously reported structures of chalcone [43-d%ible 3 lists the bond lengths and angles of the
optimized structure in comparison to the experimlevalues. The molecular structureddPC adopts
s-cis configuration with respect to the C11=01 and C93:@auble bond distances of 1.227 (2) A and
1.319 (3) A, respectively. The ethyl substituerdugr is found to be twisted (Fig. 1. (b)) from the
essentially planar molecular structure [maximumiakion of 0.143 (4) A at atom C24] with the C1—
C2—C3—C4 torsion angles being —106.5 (1@)he corresponding torsion angle value for mirat p
(C1IX—C2X—C3—C4) is =30 (3) These torsion angle values showing that the mafor minor
disordered ethyl groups are oriented iant-clinal and syn-clinal conformations, respectively.
Furthermore, the planarity of th#EPC is shown by the dihedral angles formed betweeretiane
moiety (01/C9-C11; maximum deviation of 0.001(3)With the terminal benzene ring (C3-C8) and

(heptyloxy)benzene moiety (02/C12-C24) which ai®& 318f and 0.73 (15) respectively.
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Fig. 1.(a) The molecular structure 4EPC with 50% ellipsoids probability with atomic numireg
scheme. All disordered components are shown (b}Wisted ethyl group from the planarity of the
compound where the minor disordered part has betteal for clarity.

Table 3 Selected bond lengths and angles of the title comg.

Atoms Geometric parameters (A)
Experimental DFT (B3LYP/6-31G (d,p)

Bond Lengths (A)

01—C11 1.227 (2) 1.232

02—C15 1.356 (3) 1.359

02—C18 1.423 (3) 1.430

C6—C9 1.443 (3) 1.461



C9—C10 1.319 (3) 1.348

Cl0—C11 1.458 (3) 1.485
Cl1—C12 1.476 (3) 1.496
Bond Angles )

Cl—C2—C3 116.0 (18) 112.8
C10—C9—C6 128.6 (2) 128.2
c9—C10—C11 121.1 (2) 119.7
Cl10—C11—C12 120.7 (2) 119.3
01—C11—C10 119.7 (2) 120.7
C15—02—C18 118.44 (19) 119.1
Torsion Angles )

Cl—C2—C3—C4 -106.5 (16) -91.4
C5—C6—C9—C10 -178.6 (2) 179.9
C6—C9—C10—C11 -178.3(2) 179.6
C9—C10—C11—01 -0.2 (4) -2.5
C9—C10—C11—C12 178.9 (2) 177.9
01—C11—C12—C13 -0.6 (4) -5.4
C18—02—C15—C16 179.4 (2) -179.7
02—C18—C19—C20 178.03 (19) -179.9
C18—C19—C20—C21 -178.9 (2) 179.9
C19—C20—C21—C22 175.2 (2) -179.9
C20—C21—C22—C23 179.9 (2) 179.9
C21—C22—C23—C24 178.4 (3) -179.9

The crystal packing o4EPC is shown in Fig. 2. The intermolecular C7—H7A. -; 10—
H10A:--O1 and C17—H17A---O1 hydrogen bonds (Tadgmmetry codex, —y+1, z-1/2) link the
molecules into a heart-shape character by the tiwmaf two R,}(7) graph-set motifs [46]. These
heart-shape motifs are further connected into omeqlsional chain along the-axis. The strong
intermolecular C—H---O hydrogen bonds (D—H---A enfj0-178) shows that the oxygen atom
(O1) of the carbonyl group has become the mosttikeasites for a nucleophilic attack of the
hydrogen atoms from the chalcone ethylenic bridge phenyl rings. Furthermore, the infinite one-

dimensional chains are also observed to crossalittkeach other and stack along thaxis.



Fig. 2 The crystal packing gfEPC. Dashed lines represent the intermolecular C—Hhydbogen
bonds. Only major disordered components are shown.

Table 4 Hydrogen bond geometry of the compound.

Bond Bond length, (A) Angle
D—H---A D—H H---A D---A D—H---A, (°)
C7—H7A... 01" 0.93 2.50 3.427 (3) 176
C10—H10A.--0% 0.93 2.47 3.394 (3) 171
C17—H17A...0O% 0.93 2.49 3.407 (3) 170

Symmetry codes: (), —y+1,z-1/2.
4.3 Thermal analysis

The thermal stability of the prepard&PC was evaluated using thermogravimetric analysis

(TGA) under nitrogen atmosphere and the obtaindgd dee presented in Table 5, whereas Fig. 3

depicts TGA and DTG thermogram4EPC.
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Fig. 3. TGA with DTG thermogram AAEPC.

The thermal behavior AEPC was recorded from ambient temperature up to 900n°C
nitrogen flow and did not show any weight loss o276 °C, indicated that crystal water molecules
and coordinated water molecules are not presempbimpound4EPC. The results obtained from
TGA/DTG curves reveals that compou#EPC started to degrade in single step at onset teryera
(Ty) 276 °C, with maximum degradation occurred at 336The single decomposition stage occurred
in the temperature range of 276 — 355 °C with asnass of 95.2% consistent with the evaluation of
(E)-1-(4-ethylphenyl)-3-(4-(heptyloxy) phenyl) proped-1-one (loss of weight calculated 95.7%).
The final residue mass loss was about 4.8% whictespond to the char residue of £i@ompound
4EPC decomposes at high temperature due to the inttotuof long alkoxy chain in the molecular
framework. This high thermal stability @fEPC probably arises because in its crystal packing, th
long chain is further stabilized hiystacking between adjacent aromatic, carbonyl an@ &lkene. In
fact, the high thermal stability @fEPC agrees with the nearly planar structured&PC, favours in
this way the dones-donor interactions, through the intermolecularratéions of C—H- - - O hydrogen
bonds. Generally, the thermal behaviour obtainedsapported with the previously reported related

compounds [47, 48] in term of their stability andge of degradation.



Table 5 Thermal stability analysis &fEPC.

Onset Final

Compound  temperature,  Weight loss (%) Expected moieties decompositionresidue
Tq (°C) )
4EPC 276 276 — 355 °C (E)-1-(4-ethylphenyl)-3-(4- P

(95.2%); [calc: 95.7%] (heptyloxy) phenyl) prop-2-en-1-one

4.4 UV-visible analysis

Electronic absorption spectrum dEPC was recorded in the 200 — 600 nm range in
dichloromethane (DCM) solvent (= 1 x 10° M). The value of maximum wavelength,(,) of
absorption of moleculdEPC was observed at 327 nm while the cut-off waveler(ii,yd is at 368
nm represent the intraligand charge transfer ttiansi of an electron from bonding to anti-bonding
(m=—n*) which were attributed by aromatics nuclei andkeae C=C chromophores. Whilst, the
absorption minimum arised from electronic transitaf non-bonding to anti-bonding-(r*) which
was contributed from moieties C=0 and C-O chromoghoThe experimental and TD-DFT UV-vis
of 4EPC are shown in Fig. 4. Thus, the optical energy bgad for moleculdEPC is 3.37 eV
according to the formula @&Ey,, = hcheqge TD-DFT is currently developed to determine theaiyic
and static features of the compounds in their edcgtates, allowing for the correlation between
computational output and experimental data basedhenTD-DFT B3LYP/6-31G (d, p) level of
theory. The predictions were carried out in sobmtmodel, in which IEF-PCM formalism was
considered. The calculated wavelengif), (oscillator strengthf{), excitation energies (eV) and
spectral assignments with major contributors a@wvshin Table 6. Calculated UV-vis spectrum of
4EPC exhibited two intense allowed transition’at, = 347 nm,f, = 1.1197 and. = 313 nm,f, =
0.1213 which are corresponded to the experiménial value of 327 nm. In fact, the theoretical
transition peaks fodEPC in DCM are red-shifted compared with the experitabdata in which, the
assigned bands were attributed with HOMOUMO (n—n*) and HOMO-1-LUMO (n—m*)
transitions. For a better description of the etwutr properties, the character of the orbitals ined in
the main electronic transitions of compoutePC are illustrated in Figure 5. The HOMO is attritdite
to an bonding system localized over phenyl and C=C niesednd a p-type orbital strongly located on

the oxygen atom. The HOMO-1 corresponds to londing system spread over phenyl, C=C and



carbonyl (C=0) moieties and a p-type orbital sttgprigcated at the oxygen atom similar as described

for HOMO. In LUMO, electrons were spread to tharenmolecules except for alkoxy chain.

B Experimental 4EPC
®  TD-DFT 4EPC

50000 +

Molar coefficients, € (M™ cm™)

300 400

Wavelength (nm)

Fig. 4. The experimental and TD-DFT UV-vis for synthesizeolecule4EPC.

Table 6 The excitation energy, oscillator strength, caltedl and experimental wavelength (nm) and
major contributions of electronic transitions frgmound state (§$to excited state (b

Wavelength (nm) Oscillator Electronic Excitation Assignments,  major
Molecule " energies ) )
Experimental ~ Calculated strength{,) transition (AE, eV) contributors (%)

347 1.1197 S—S 3.56 HOMO—LUMO

(97%)

4EPC 327

313 0.1213 S—S 3.95 HOMO-1—-LUMO

(96%)

4.5 Frontier molecular orbitals (FMOs) analysis

The analysis of frontier molecular orbitals (FM@#ys an important role to understand the
chemical stability of a molecule. The FMOs of thymthesiseddEPC was computedia TD-DFT
approach with B3LYP/6-31G (d, p) and are illustdate Fig. 5. The HOMO-LUMO energy gaps
determine the chemical reactivity, chemical hardreesd softness as well as the polarizability of the
synthesised molecule. In the casedBPC, the HOMO-LUMO energy gap is relatively smalé. 4.02

eV, indicating molecul&dEPC is soft which can exhibit good polarizability andnlinear optical



(NLO) properties. FMOs results revealed that tleetebn distribution in HOMO were spread mostly
on ethylenic bridge and aromatic rings with dononar substitution. However, in LUMO level, the
charge density is confined over the entire molec(ilecluding ethylenic bridge, aromatic rings and
carbonyl functional group) except for alkoxy chaubstitution. Moreover, for HOMO-1 and LUMO
both also lie almost over the whole molecule excaptalkoxy chain. FOREPC, there are two
electronic excitation energies were involved, the transition of electrons from the ground st&g (
to the excited state (5 and the percentage of major contributions whinehfindings are tabulated in
Table 5. The first excitation energy involve@g+{$S,) is 3.56 eV which are in close argument with the
experimental energy band gap 3.37 eV with 97% efitivolved electronic transition is from ground
state to the first excited state are HOMQUMO transition and 96% of the transitions are HOMO
1-LUMO involved in the second excitations,{SS;) with the energy separation of 3.95 eV. The
energy separation between the HOMO and LUMO as agltheir atomic orbitals compositions
known to have synergetic effect within the molecwhich subsequently affects the NLO properties
of each compound. From the obtained FMOs and elactanalysis suggest that the grown crystal of

4ECP can be the promising and potential candidate fiwoelectronic devices.

Furthermore, the global chemical reactivity dgsors (GCRD) are another vital technique to
understand the chemical properties of a molecuth sis chemical hardness),(chemical potential
(w), chemical softnesss), electronegativityy) and electrophilic index (u). The formula (Eq.dlHq.

5) to obtain GCRD is derived from HOMO-LUMO energi¢aking the HOMO energy as ionization

potential () and LUMO as electron affinityd) and the data are tabulated in Table 7.

Chemical hardnesg) = [(ELumo - Enomo)/2] Eg. 1
Chemical softnessg( = [1/2n] Eq. 2
Chemical potentialy) = [(Exomo + ELumo)/2] Eq. 3
Electronegativity ) = [(I + A)/2] Eq. 4

Electrophilic index (u) =f%/2n] Eq. 5



From the calculation, it was found thHEPC is kinetically stable with the hardness value of
2.01 eV, chemical potential of -4.09 eV, chemiazftrsess of 0.25 8/ electronegativity of 4.09 eV
and the electrophilic index of 4.16 eV suggest #aPC possess excellent chemical strength and

stability.

Table 7 Molecular orbitals energies of HOMO and LUMO (eAfjd the global chemical reactivity
descriptors (GCRD).

Molecule Eowo Ewumo  4E(€V) n(E€V) pEv) SEVH y@EV) ueV)

4EPC -6.1019  -2.0762 -4.02 2.01 -4.09 0.25 4.09 4.16

Eruono=-2.0762 eV Erono =-2.0762 eV

&

E=-402eV AE=422¢eV

Eponio =-6.1019 &V

Erono1 =-62037 eV

Fig. 5. Molecular orbitals of title molecuEPC.



4.6 Hirshfeld surface analysis

The intermolecular interaction, packing mode andlecular shape of the crystal
structure o4EPC was studied using Hirshfeld surface analysis (HSAe HSA is mapped
with dnorm (Fig. 6) and 2D fingerprint analysis plot for theystal AEPC was generated by
Crystal Explorer 3.1 program using crystallograpbigput file (.cif) obtained from single
crystal X-ray diffraction. The 2D fingerprint plainalysis o4EPC was illustrated in Fig. 7,
consists of distribution graph of vs d, whered. andd, are the distance from a point on the
Hirshfeld surface to the nearest nucleus inside sheface and outside the surface,
respectively. The H-H and C-H interactions are riiggor intermolecular interactions in the
crystal structure o#lEPC (65.3% and 13.5%). Single sharp spike at the bothoea was
observed at the bottom left of 2D fingerprint pldgpicts the O-H interaction (5.2%) in the
4EPC crystal structure which corresponded to the wasdrmolecular C-H/O hydrogen bond
represent at the circular depressions (deep resbl®ion the Hirshfeld surface. Moderate
spike at the top right region indicates H-C intéiact (11%), whilst, the single sharp spike at
top region indicates H-O interaction (4.4%). Strantgraction is determined by the more
space occupied compared to the weak interactiom kveis space occupied in the fingerprint
plot. The combination of. andd; in the form of a 2D fingerprint plot give an infoation of

intermolecular contact in the crystal.

Fig. 6. The Hirshfeld surface GfEPC mapped withthorm.
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Fig. 7. The 2D fingerprint plot of crystllEPC and the percentage of contribution to the total
Hirshfeld area.

4.7 Molecular electrostatic potential (MEP) analysis

The molecular electrostatic potential (MEP) aniglys one of the important tools to
determine the possible interaction site witdlBPC where the reactivity ol EPC can be
determined by predicting the nucleophilic and etgutilic sites of the molecule. The
computed MEP using DFT B3LYP/6-31 G (d, p) is asvah in Fig. 8 in which the mapped
MEP surface gives us information on the chargeridigion region of a molecule. The
distribution of charges governs the molecule irdgoa and the nature of the chemical bond.
The nucleophilic region of the molecule is desdaliliy/ the positive area of MEP surface
while the electrophilic site of the molecule is @3dated with the negative region of MEP
surface. FOrdEPC, the negative charges are more concentrated oroxijigen atom of

carbonyl (C=0) with the colour code of the mapriste range between -5.825 x“8.u.



(deepest red) towards 5.825 x1@.u. (deepest blue) in the map. This revealed tthet

oxygen atom from C=0 is the most reactive siteteract favourably with nucleophile.

Fig. 8. MEP surface of molecukEPC.

4.8 Nonlinear optical (NLO) properties. DFT calculation

Density functional theory (DFT) calculation wasedsto examine nonlinear optical (NLO)
properties fordEPC in term of dipole momentuj, polarizability ¢) and £ hyperpolarizability ff)
indexes. The polarizability and hyperpolarizabiitynponents are the derivatives of molecular energy
with respect to the strength of applied electr@di The static dipole moment, polarizability arid 1
hyperpolarizability were calculateda DFT B3LYP/6-31G (d, p) and were calculated usihg t

following equations and the related parametersadrelated in Table 8.

Wiot = (!vaz + !»vaz + “22)1/2 Eq 6
<o> =§ (0w T Oty + 057) Eq. 7
Aa = % [ (0t _ayy)z + (ayy _azz)z + (0zz — 0'«xx)z + 6(0‘><y2 + 0"xzz + 0Lyzz)] vz Eq. 8

B-V = [(Bxxx + Pryy + szz)2 + Byyy + Byzzt Byxx)2 + Brzz + Pox + Bzyy)z] 12 Eqg. 9



These present components indicate the non-uniétiarge distribution along three magnitude.
The total dipole momentui,) of 1A with D-n-D is found to be 2.68 which is the least compaoeithe
chalcone derivatives with B-A characteristic [49, 50]. Moreover, the mean pakbility (<a>) of
4EPC revealed to be 2.13 x Td(esu) while the anisotropy of polarizabilitgd) for 4EPCis 7.51 x
10%* (esu). In addition, the®lorder hyperpolarizabilitypcv) of 4EPC is 1.27 x 10° (esu) about 2
times higher than standard reference of urea. Hewekhie i' order hyperpolarizability value dfA
featuring Da-D is of the weakest compared to other reportedcoha derivatives due to the
attachments of long alkoxy substituted chain widohtributed to the long-range charge transfer and
might be due to the less conjugation involved tgtmut molecule. The polarizabilities and first-arde
hyperpolarizabilities are recorded in atomic ufétsl.), the calculated values have been convemted i
electrostatic units (esu) using conversion facfd.0482 x 10* esu fora and 8.6393 x I8 esu for
B. Thus, the title compoundEPC has an ideal characteristic in potentially to behier taken as
candidate in NLO application.

Table 8 Static dipole moments, polarizability anddrder hyperpolarizability components of title
compounddEPC with B3LYP/6-31G (d, p) level of theory.

Dipole moment (Debye) 4EPC
o 0.8675
iy -2.5257
L -0.2361
ot 2.68
Polarizability
Olxx -112.2849
Oy -158.2421
0Olz7 -160.1713
Oy 10.9656
Olyz 0.6285
oy 0.3233
<o> (x 10%) in esu -2.13
Ao (x 10%%) in esu 7.51
1° Hyperpolarizability

Broox -165.3517
By -5.5160
By 31.8725
Buy -24.2823
Buy -23.0872
Bz 0.6083
Bar 2.5437
Buce -2.9405
Buyz -2.7954
Bz -5.7185

B-v (x 10%) in esu 1.27




Conclusions

New alkoxy substituted chalcone derivatiEPC) of D-n-D was successfully synthesized
and characterized using FT-1B4 and®*C NMR, both UV-vis and TD-DFT for electronic tratisn
characteristics and the crystal structuredBPC was confirmed by single crystal X-ray diffraction
method. The crystallographic data indicate #aPC crystallized in monoclinic crystal system with
space grougc2/c. The experimental UV-vis spectrum ¢EPC was performed in a dichloromethane
(DCM) and compared with calculated ovia IEF-PCM model using TD-DFT B3LYP 6-31G (d, p)
level of theory. The results obtained were comptitne the experimental findings. The absorption
band atin.x = 327 nm was assigned to the electronic transibbrHOMO — LUMO orbitals
corresponding to the predicted bands 313 nm anch84Z&xcitation energies of 3.56 eV and 3.95 eV
and oscillator strength of 1.1197 and 0.1213, whkeeHOMO-LUMO plot indicates the electron
charge mobility from phenyl ring, C=C to carbon@=0O) functional group. In addition, the global
chemical reactivity descriptors (GCRD) were caltedausing frontier molecular orbital energies.
From TGA/DTG graph4EPC crystal is thermally stable up to 276 with mass loss of 95.2% in
single step of degradation process. The Hirshfeidase analysis and finger print plots were
examined to understand the occurrence of moleautiaraction within the molecule. Results obtained
from Hirshfeld indicated that +H (65.3%) and CH (13.5%) interactions are the major contributor in
the crystal packing. The MEP analysis revealedpthe&sible interaction can occur at C=0 site of the
molecule for nucleophilic analyte addition. Sindee tsynthesised chalcone derivative 4EPC
exhibits larger NLO values in term of polarizalyiland £' order hyperpolarizability compared to the
standard reference of reported urea, thered&feC fits all the requirements to be an ideal candidate
to be developed as advanced NLO materials. By gaaxcellent NLO propertiedEPC also can be
an active layer in organic light emitting diode (ER). Interestingly, from theoretical calculation of
4EPC, the findings showed that this chalcone derivatsvéound to be a soft material which having

high potential as active materials to be used arplaceutical, biological and medicinal interests.
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RESEARCH HIGHLIGHTS

e Anew class of chalcone derivative of alkoxy-chalcone was designed and prepared.
e |ts electronic properties exhibited organic semiconductor behavior.

e Interestingly, the single crystal possesses heart-shape motif.



