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ABSTRACT: Small organic molecules with interesting optical and electrochemical properties find applications as organic
luminescent materials. In this work, we report the synthesis of novel chalcones with D−A−D and D−A−D−A architecture, followed
by their optical, electrochemical, and computational studies. The absorption band of these compounds occurs at 360−480 nm with
emission maxima appearing around 513−552 nm. The large Stokes shifts (Δλ) for all compounds (90−132 nm) suggest
intramolecular charge transfer (ICT) in the excited states. The molar absorptivity and fluorescence quantum yields were found to be
in the range of 1.7−4.26 × 104 M−1 cm−1 and 0.29−0.39, respectively. The electrochemical parameters were determined by using
cyclic voltammetry (CV). Density functional theory (DFT) calculations of all compounds were made by using B3LYP/G (d,p)
functionals in chloroform and were found to have a good correlation with experimental results. Preliminary studies of absorption,
photoluminescence, CV, and their theoretical correlation suggest that these compounds may be optimized for their applications in
optoelectronics, sensing, and bioimaging.

■ INTRODUCTION
The pioneering work of Tang and Slyke has led to an immense
interest in organic luminescent compounds.1−5 In the last three
decades, these materials have found their applications in
various areas including organic light-emitting devices,6−9

fluorescent probes,10,11 photovoltaics,12,13 electroluminescent
materials for organic electronics,14 and transistor devices.15,16

Among these materials, chalcones exhibiting intramolecular
charge transfer (ICT) characteristics have been shown to carry
interesting photophysical and photochemical properties.17

These properties make chalcones particularly interesting,
considering the small Stokes shifts of many commonly used
fluorescent compounds like fluorescein (24 nm), 5-carboxy-
fluorescein (36 nm), fluorescein isothiocyanate (24 nm),
rhodamine (26 nm), rhodamine 6G (24 nm), Rhodamine
Green (26 nm), Cy2 (13 nm), Nile red (70 nm), BODIPY 493
(10 nm), BODIPY 505 (10 nm), MitoTracker Green (26 nm),
and MitoTracker Red (20 nm).18 Chalcones constitute a large

class of organic compounds that have two aromatic rings
connected via a ketoethylenic group.19 Their structure
provides high delocalization of the pi-electrons. The ease of
synthesis makes them excellent scaffolds to construct novel
derivatives for subsequent evaluation of optical properties.20−22

Thus, besides their wide-ranging medicinal properties,23−35

chalcones have been studied for optoelectronic devices,36

electrochemical materials,37 as fluorescent and chromophoric
sensors for metallic ions,38 nonlinear optical materials,39 and
dye-sensitized solar cells.40
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With an interest to explore the photophysical characteristics
of organic scaffolds,41,42 in the current work, we present the
synthesis of novel chalcones carrying an electron-donating
piperidyl or pyrrolidinyl ring on ring B and no substituent on
ring A (making it a D−A−D architecture) or an ester on ring A
(making it a D−A−D−A architecture). Then, we present
experimental and theoretical studies of these chalcones
including UV−vis absorbance, photoluminescence (PL),
analysis of highest occupied molecular orbital (HOMO)/
lowest unoccupied molecular orbital (LUMO) energy level,
density of state (DOS) analysis, molecular electrostatic
potential (MEP) surface analysis, transition density matrix
(TDM), exciton binding energy (Eb), and reorganization
energy (RE).

■ RESULTS AND DISCUSSION
Chemistry. The synthesis of the compounds involved the

aromatic nucleophilic substitution reaction of 4-fluorobenzal-
dehyde with piperidine (1) and pyrrolidine (2) to yield
compounds 3 and 4, respectively. These compounds were then
subjected to the Claisen−Schmidt condensation presented in
Scheme 1. Compounds 7 and 8 were prepared by reacting
compounds 3 and 4 with acetophenone (5) in ethanol using an
aqueous solution of sodium hydroxide. The mixture was stirred
for 15−17 h at room temperature. For compounds 9 and 10,
methyl-4-acetylbenzoate (6) was refluxed for 24 h with
compounds 11 and 12 using piperidine as a catalyst. The
purification of the crude products was done via column
chromatography. The yields were in the range of 45−68%, and
their structures were established using 1H NMR, 13C NMR, IR,
and mass spectrometry. The values of coupling constants
revealed the formation of E-isomers.
UV−Visible Absorption and Emission Properties. The

UV−vis absorption and emission spectra, obtained in different
solvents, are shown in Figures 1 and 2. The corresponding
spectral data (λmax

abs , λmax
em , and Δ) is presented in Table 1. To

probe the solvent polarity effect (solvatochromism), the
absorption and emission spectra of compounds 07−10 were
obtained in a polar protic solvent (ethanol), a polar aprotic
solvent (acetonitrile), and a nonpolar solvent (chloroform) at a
concentration of 1 × 10−5 M. The absorption spectra of the

chalcones exhibited two distinct absorption bands in all the
three solvents. The absorption band centered at the lower
wavelength (240−280 nm) corresponds to localized π−π*
transitions in the ketoethylenic group, while the low energy
band (360−480 nm) is attributed to delocalized π−π*
electronic transition or ICT.
Comparing the effect of having pyrrolidine and piperidine

rings as donating groups on the photophysical properties of
compounds 7−10, the pyrrolidine ring pyrrolidine acts as a
better electron density pushing group. For example, in
chloroform, compounds 8 (λabsexp = 423) and 10 (λabsexp = 440)
have red-shifts of 18 and 20 nm as compared to the piperidine-
containing counterparts 7 (λabsexp = 405) and 9 (λabsexp = 420),
respectively. A similar trend is also observed in CAN and
EtOH. In the other cross-comparison of compounds 9 and 10
carrying −COOMe with compounds 7 and 8, compounds 9
and 10 are red-shifted by 15 and 27 nm in chloroform. This
bathochromic shift is attributed to the electron-withdrawing
nature of ester linkage, which pulls e− density toward itself
giving a D−A−D−A architecture to compounds 9 and 10.
The polarity-driven red shifts from acetonitrile to ethanol

(Δλabs) ranged from 7 to 13 nm. These small solvatochromic
effects suggest that there is no significant ICT in the ground
state.20 The PL spectra of these compounds in chloroform,
acetonitrile, and ethanol (1 × 10−5 M) were recorded at
respective absorption maxima (λmax). The PL maxima of these
chalcones showed strong green fluorescence (513−552 nm) in
chloroform and ethanol (545−568 nm). The intensities of PL
of compounds 9 and 10 in acetonitrile and of all compounds in
ethanol are remarkably low due to dipole−dipole interaction
and hydrogen bonding.17 Importantly, the Stokes shifts for
compounds 7−10 were calculated from the difference between
the absorption maxima and emission maxima values in
chloroform and found to be 111, 90, 132, and 108 nm,
respectively. Similarly, the Stokes shift values were found to be
138, 114, 139, and 118 nm, respectively, for compounds 07−
10 in ethanol. The appreciable Stokes shifts values of these
compounds seem to arise from the ICT from the donor
pyrrolidine and piperidine group to the ketoethylenic acceptor
moiety in the excited state through π-extended conjugation.
The high Stokes shift values make these compounds good hits

Scheme 1. General Procedure for the Synthesis of Compounds
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for further studies as new fluorescent compounds with lower
reabsorption of a photon in organic fluorophores and reduced
self-quenching.

The molar absorptivity of compounds 07−10 was found to
be 1.7 × 104, 4.26 × 104, 2.55 × 104, and 2.63 × 104 M−1 cm−1

(Figures S1−S8, Supporting Information), respectively, as
shown in Table 2. The fluorescence quantum yields of these
compounds were found to be 0.39, 0.34, 0.29, and 0.39
(Figures S9−S23, Supporting Information) in chloroform at
room temperature. The low values of φf may be linked to the
nonradiative decays, i.e., internal conversion and vibrational
relaxation.
Electrochemical Properties. The electrochemical proper-

ties of compounds 7−10 were probed using cyclic
voltammetry (CV) analysis. The cyclic voltammograms are
shown in Figure 3, and the corresponding electrochemical data
is summarized in Table 3. All compounds exhibit a reversible
redox process, which indicates their potential for effective
hole/electron transport. The HOMO energy levels of
compounds 7−10 were found to be −5.18, −5.14, −5.18,
and −5.15 eV, respectively. Compounds 8 and 10 were found
to exhibit smaller ionization potential energies as compared to
compounds 7 and 9 owing to the presence of pyrrolidine as an
electron-donating moiety. The LUMO energy levels of

Figure 1. Absorption and emission spectra of chalcones 7−10 [(A) absorption spectra in chloroform, (B) emission spectra in chloroform, (C)
absorption spectra in acetonitrile, (D) emission spectra in acetonitrile, (E) absorption spectra in ethanol, and (F) emission spectra in ethanol].

Figure 2. Normalized absorption and emission spectra of compounds
7−10 in chloroform.
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compounds 07−10 were found to be −2.55, −2.58, −2.70, and
−2.69, respectively.

UV−Visible Spectral Analysis. To deduce a suitable
method, the geometries of all compounds were optimized with
CAM-B3LYP,43 MPW1PW91,44 WB97XD,45 and B3LYP.46

The B3LYP at 6-31G (d, p) basis set was found to better
compare well with the experimental values and was then used
for all theoretical calculations (Table 4). The maximum
absorption of all molecules in the gaseous and solvent
(chloroform) phase was obtained by using TD-density
functional theory (DFT) and IEFPCM (integral equation
formalism polarizable continuum model) solvation model,
respectively, and the absorption spectra are shown in Figure 4.
The study of photophysical properties was accomplished

with the computations of various parameters like the symmetry
of molecules, absorption maximum, the energy of excitation
(ΔE), oscillator strength ( fo), LHE (light harvesting
efficiency), percentage coefficient of interaction (C.I. %), and
transition of molecular systems from HOMO to LUMO
(Table 5). We observed that all compounds had a higher gas-
phase excitation energy value than in solvent, suggesting good
solubility in chloroform.
Structural Optimization and FMO Analysis. The

ground-state configuration has a substantial influence on the
optoelectronic properties of molecular systems, so ground-state
geometry optimization was performed to calculate different
geometrical constraints. All compounds were optimized at
their ground state using B3LYP and 6-31G(d,p) basis sets to
obtain the global minima shown in Figure 5. These
compounds are suggested to have planar conformations, and
the NMR studies have suggested these to be E-chalcones.
The HOMO is majorly localized in the donor region and

minorly over the acceptor region, while the LUMO electronic
population is majorly dispersed over the acceptor region. Table
6 represents the FMO analysis results. The HOMO/LUMO
energy levels calculated for compounds 7−10 were found to be

Table 1. Absorption and Emission Data of Chalcones 7−10a

λabs nm λem nm Δλst
compound ACN CHCl3 EtOH Δλabs ACN CHCl3 EtOH Δλem CHCl3 EtOH

7 402 405 409 07 542 516 547 31 111 138
8 420 423 431 11 539 513 545 32 90 114
9 416 420 429 13 552 568 16 132 139
10 436 440 449 13 548 567 19 108 118

aλabs: absorption maxima (nm), Δλabs: solvatochromism in the ground state, Δλem: emission maxima, Δλem: solvatochromism in the excited state,
Δλst: Stokes shifts.

Table 2. Photophysical Parameters of Chalcones 7−10

photophysical properties

compound solvent λabs/nm λem/nm λonset/nm Δλ/nm E0−0 (eV) ε (M−1cm−1) φf

7 chloroform 405 516 472 111 2.63 1.7 × 104 0.39
8 chloroform 423 513 484 90 2.56 4.2 × 104 0.34
9 chloroform 420 552 500 132 2.48 2.5 × 104 0.29
10 chloroform 440 548 504 108 2.46 2.6 × 104 0.39

Figure 3. CV of compounds 07−10. (A) Cyclic voltammograms of
chalcones 7−10 in acetonitrile. The electrochemical analysis was
performed on a CHI 660E workstation using a three-electrode cell
system at room temperature in a solution of tetrabutylammonium
hexafluorophosphate (nBu4NPF6) 0.1 M as a supporting electrolyte
in anhydrous acetonitrile at a scan rate of 100 mV s−1 between voltage
ranges −1.5 and 1.5 V. (B) Energy gap diagram of chalcones 7−10.

Table 3. HOMO, LUMO, and Band Gap of 7−10 Calculated
by CV Analysis

compound HOMO (eV) LUMO (eV) E0−0 λonset
7 −5.18 −2.55 2.63 472
8 −5.14 −2.58 2.56 484
9 −5.18 −2.70 2.48 500
10 −5.15 −2.69 2.46 504
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in good agreement with the experimental HOMO/LUMO
energy levels obtained from CV analysis.

DOS Analysis. DOS analysis of quantum mechanics
explains the presence of energy states, for the transition of

Table 4. Comparison of Experimental and Theoretical λmax for Chalcones 7−10

Compounds solvent λmax
exp (nm) B3LYP (nm) CAMB3LYP (nm) MPW1PW91 (nm) WB97XD (nm)

7 chloroform 405 410 336 390 328
8 chloroform 423 417 350 400 344
9 chloroform 420 446 349 523 340
10 chloroform 440 458 362 534 353

Figure 4. Theoretical absorption profile of chalcones 7−10 [(A) in gas phase and (B) in chloroform].

Table 5. Theoretical Absorption Profile of Chalcones 7−10 in the Gas Phase and Chloroform

gas phase chloroform

molecules λmax
exp (nm) λmax

cal (nm) E (eV) f major molecular transitions λmax
cal (nm) E (eV) F major molecular transitions

7 405 378 3.29 0.42 H → L (48%) 410 3.02 0.91 H → L (70%)
8 423 381 3.24 0.81 H → L (69%) 417 2.97 0.98 H → L (70%)
9 420 409 3.03 0.65 H → L (70%) 446 2.78 0.75 H → L (70%)
10 440 415 2.98 0.64 H → L (90%) 458 2.71 0.75 H → L (70%)

Figure 5. A) Optimized geometry of compounds 7−10 and (B) frontier molecular orbitals (FMOs) of chalcones 7−10.
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current, in per unit energy level increments. The DOS plots
show total energy states as an area underneath the peaks of the
spectrum. The molecular orbital energy values are shown on
the x-axis of the DOS diagrams. The y-axis shows the relative
strength of states. The DOS curve plots of 07−10 presented in
Figure 6 show that HOMO and LUMO are primarily
contributed by the donor and minorly by the acceptor portion,
and there is a good agreement of the band gap with the band
gap calculated using CV studies.
MEP Surface Analysis. Electrostatic potential (ESP)

analysis was carried out using the B3LYP/6-31G(d,p)
functional to examine the dissemination of electrostatic charge
on different parts of the compounds. ESP evaluation provides
information about the relocation of charge from the donor
component to the acceptor part as well as the reactivity of
chromophores by highlighting the electronegative and electro-
positive regions. The GaussView software package was used to

generate the ESP diagrams as shown in Figure 7. The multiple-
hued images showed different colors from red demonstrating
the highest negative potential to blue exhibiting the highest
positive potential, while green hue representing the neutral
region with zero potential. The red-tinted parts having high
electron density are susceptible to electrophiles, while the blue-
dyed zones having the least electron density are exposed to
nucleophiles. These compounds understandably gave red hues
in the carbonyl and ester regions, while blue hues in the
regions of pyridine and pyrrolidine rings.
TDM Analysis. Multiwfn software was used to explore the

electronic excitation including interaction in the molecule at an
excited state by using TDM analysis.47 In TDM graphs, the
molecules are fragmented into two components: donor (D)
and acceptor (A). The molecules, as shown in Figure 8, have a
uniform charge distribution and charge coherency in the
acceptor area, implying good charge transmission from donor
to acceptor.
Charge-Transfer Integral. The charge-transfer integral

illustrates internal stacking in a molecule and symbolizes the
ease of charge transport. Higher charge integral values indicate
that the charge mobility route has fewer anomalous states. The
charge integral values were determined by using the following
equations.48,49

Table 6. Theoretically Calculated HOMO and LUMO
Energies and Band Gaps (Eg) of Chalcones 7−10

molecules HOMO (eV) LUMO (eV) Eg (eV)

7 −5.29 −1.80 3.49
8 −5.09 −1.66 3.43
9 −5.36 −2.09 3.27
10 −5.19 −1.98 3.21

Figure 6. DOS analysis of compounds 7−10.
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where EH and EL are the energies of HOMO and LUMO in
eV, EH−1 is the energy of orbital one lower than HOMO, and
EL+1 is the energy of orbital one next to LUMO.
Table 7 displays the transfer integral of electrons (te) and

holes (th) and shows a better electron mobility rate for
compound 7 and compound 8 and a better hole movement
capability for compound 10.
Dipole Moment. The smooth texture of the donor−

acceptor blend layer in solar devices is intimately related to the
solubility of the molecule, and generally, the dipole moment
value is a good indicator for the solubility. The dipole moment
of all compounds was calculated in the ground and excited
states at the mentioned DFT functional, and values have been
tabulated in Table 8, demonstrating that these compounds
have good solubility in chloroform solvent.

■ CONCLUSIONS
In the current work, we have reported the synthesis of novel
chalcone derivatives. These chalcones were yellow to brown
with absorption bands occurring at 360−480 nm and emission
bands at 513−552 nm. The absorption and emission (λabs and
λem) maxima were determined in different solvents to study
solvatochromism. The minor red shifts were observed in
absorption maxima, while increasing polarity from chloroform
to ethanol suggests no significant ICT at the ground state. All
compounds exhibited PL with high intensity in chloroform.
However, in ethanol, the emission is negligible probably due to
the hydrogen bonding between the solute and solvent
molecules. Importantly, these compounds have shown large
Stokes shift values of 90−132 nm. The HOMO/LUMO

energy levels and band gaps of compounds 08 and 10 bearing
pyrrolidine at the para position of ring B are lower than those
of compounds 07 and 09 with piperidine, suggesting better
donating abilities of the pyrrolidine ring. All compounds
displayed appreciable fluorescence quantum yields (φf) ranging
from 0.29 to 0.39. Furthermore, the DFT studies including
molecular geometry, FMO analysis, reorganization energies,
dipole moments, and UV−vis analysis are presented in this
work and match well with the experimental results. The facile
synthesis and appreciable preliminary properties present the
potential of these compounds for further studies to optimize
these for application in organic electronics and fluorescent-
based probes for bioimaging.

■ MATERIALS AND METHODS
Chemistry. All chemicals were purchased from Sigma-

Aldrich or TCI and were 98−100% pure. Solvents (n-hexane,
ethyl acetate, and dichloromethane) were purchased from local
vendors and purified by distillation before use. 1H and 13C
NMR spectra were recorded with a BRUKER AVANCE Neo
spectrometer (600 MHz). Chemical shifts and coupling
constants (J) were reported in ppm and Hz, respectively. A
BRUKER ALPHA platinum ATR spectrophotometer was used
to obtain the IR spectra of compounds. GCMS data was
recorded on a Thermo Scientific ISQ Trace 1300 GC−MS
with an AI 1310 Autosampler. A micro-TOF mass
spectrometer was used to determine HRMS. The Stuart
SMP3 apparatus was used to determine the melting points. UV
studies were performed on the SHIMADZU UV-1800
spectrophotometer at room temperature by using glass
cuvettes. A Perkin Elmer multimode plate spectrophotometer
was used for determining emission spectra. Fluorescence
quantum yields were determined by using Rhodamine 6G in
ethanol (ϕf = 0.95) as a reference. An electrochemical
workstation (CHI 660E instrument) was used to obtain cyclic
voltammograms. A ferrocenium/ferrocene (Fc+/Fc) redox
system was used as an internal standard.
General Procedure for the Synthesis of Aldehydes 3

and 4. 4-Fluorobenzaldehyde (10 mmol) was added to a
round-bottom flask. DMF (3.5 mL) was added to the flask, and
then 22 mmol of piperidine (for 3) or pyrrolidine (for 4) was
added to the reaction mixture, followed by the addition of
potassium carbonate (20 mmol). The reaction mixture was
heated at 140 °C for 20 h. Upon completion of the reaction,
distilled water (100 mL) was added to the reaction flask. The
mixture was transferred to a separating funnel and the product
was extracted with DCM (3 × 30 mL). The crude product was
then purified through column chromatography.

4-(Piperidin-1-yl)benzaldehyde (3). 93%; mp 62−63 °C;
1H NMR (600 MHz, CDCl3) δ: 9.76 (s, 1H), 7.74 (d, J = 8.5
Hz, 2H), 6.99 (s, 2H), 3.41 (t, J = 5.5 Hz, 4H), 1.94−1.43 (m,
6H) matches with;50 IR (cm−1) ATR 1662; MS m/z [M+],
189.10.

4-(Pyrrolidin-1-yl)benzaldehyde (4). 97%; mp 88−90 °C;
1H NMR (CDCl3, 600 MHz) δ: 9.71 (1H, s), 7.72 (2H, d, J =
8.5 Hz), 6.61 (2H, d, J = 8.4 Hz), 3.42−3.36 (4H, m), 2.09−
2.00 (4H, m) matches with;51 IR (cm−1) ATR 1651; MS m/z
[M+], 175.07.
General Procedure for the Synthesis of Chalcones 7

and 8. An appropriate amount of benzaldehyde (1 mmol) was
added to ethanol (2 mL) in a round-bottom flask.
Acetophenone (1 mmol) was added to the reaction flask.

Figure 7. MEP plots of compounds 7−10.
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Figure 8. TDM graphs of chalcones 7−10.

Table 7. Computed Charge-Transfer Integral Values of
Chalcones 7−10

molecules te (eV) th (eV)

7 0.70 0.54
8 0.71 0.58
9 0.53 0.58
10 0.53 0.61

Table 8. Computed Dipole Moment of Chalcones 7−10 in
the Ground State (μg) and Excited State (μe)

molecules μg (D) μe (D)

7 6.89 9.95
8 4.63 8.56
9 6.33 7.82
10 6.74 11.27
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Sodium hydroxide (100 mg, 2.5 mmole) was dissolved in
distilled water (1 mL) and added to the reaction mixture in a
dropwise manner. The mixture was then stirred at room
temperature for 15−17 h. At the completion of the reaction,
the mixture was placed in an ice bath and neutralized with
HCl. The ppt formed was collected and washed with cold
ethanol. The purification of the crude product was done using
column chromatography.

(E)-1-Phenyl-3-(4-(piperidin-1-yl)phenyl)prop-2-en-1-one
(7). 66%; mp 131−134 °C; 1H NMR (CDCl3, 600 MHz) δ:
8.03−7.98 (2H, m), 7.77 (1H, d, J = 15.5 Hz), 7.60−7.53 (3H,
m), 7.49 (2H, dd, J = 8.3, 6.9 Hz), 7.37 (1H, d, J = 15.5 Hz),
6.95 (1H, s), 3.35−3.30 (4H, m), 1.68 (6H, d, J = 48.1 Hz);
13C NMR (151 MHz, CDCl3) δ: 190.8, 153.2, 145.4, 139.0,
132.4, 130.4, 128.6, 128.5, 124.6, 118.2, 115.1, 49.3, 25.4, 24.3;
IR (cm−1) ATR 1648, 1556, 1122; MS m/z [M+] 291.08;
HRMS calcd for C20H21NNaO+, 314.1515 [M + H]+ found,
314.1517.

(E)-1-Phenyl-3-(4-(pyrrolidin-1-yl)phenyl)prop-2-en-1-one
(8). 56%; mp 174−176 °C; 1H NMR (CDCl3, 600 MHz) δ:
7.55 (3H, t, J = 7.5 Hz), 7.48 (2H, t, J = 7.6 Hz), 7.33 (1H, d, J
= 15.5 Hz), 6.63 (2H, d, J = 8.3 Hz), 3.41−3.36 (4H, m),
2.11−2.01 (4H, m); 13C NMR (151 MHz, DMSO) δ: 190.8,
149.4, 146.1, 139.3, 132.2, 130.7, 128.6, 128.4, 123.0, 116.9,
112.5, 48.3, 25.6; IR (cm−1) ATR 1643,1159; MS m/z [M+]
277.09; HRMS calcd for C19H20NO+, 278.1539 [M + H]+
found, 278.1532.
General Procedure for the Synthesis of Chalcones 9

and 10. Methyl 4-acetylbenzoate (2 mmol) was added to a
reaction flask, and dioxane (2 mL) was added to the reaction.
Then, an appropriate amount of benzaldehyde (2.2 mmol) was
added to the reaction flask, followed by the addition of
piperidine (0.5 mL). The mixture was then refluxed for 24 h.
Upon completion of the reaction, the mixture was allowed to
cool down. The product was then obtained via column
chromatography.

Methyl (E)-4-(3-(4-(Piperidin-1-yl)phenyl)acryloyl)-
benzoate (9). 45%; mp 158−161 °C; 1H NMR (DMSO,
600 MHz) δ: 8.21 (2H, d, J = 8.3 Hz), 8.09 (2H, d, J = 8.2
Hz), 7.85−7.53 (4H, m), 6.96 (2H, d, J = 8.6 Hz), 3.90 (3H,
s), 3.34 (4H, m), 1.59 (6H, s); 13C NMR (151 MHz, DMSO)
δ: 188.3, 165.7, 152.8, 145.7, 141.9, 132.6, 131.0, 129.4, 128.5,
123.2, 116.7, 114.1, 52.4, 48.0, 24.9, 24.0; IR (cm−1) ATR
1729, 1649, 1276; MS m/z [M+] 349.14; HRMS calcd for
C22H24NO3

+, 350.1751 [M + H]+ found, 350.1755;
Methyl (E)-4-(3-(4-(Pyrrolidin-1-yl)phenyl)acryloyl)-

benzoate (10). 68%; mp 190−194 °C; 1H NMR (CDCl3,
600 MHz) δ: 8.14 (2H, d, J = 8.0 Hz), 8.03 (2H, d, J = 8.0
Hz), 7.80 (1H, d, J = 15.4 Hz), 7.56 (2H, d, J = 8.4 Hz), 7.29
(1H, d, J = 15.4 Hz), 3.96 (3H, s), 3.42−3.35 (4H, m), 2.11−
2.03 (4H, m); 13C NMR (151 MHz, DMSO) δ: 188.1, 165.7,
149.7, 146.5, 142.1, 132.5, 131.3, 129.4, 128.4, 121.3, 115.2,
111.8, 52.4, 47.3, 24.9; IR (cm−1) ATR 1723, 1641, 1258; MS
m/z [M+] 335.03; HRMS calcd for C21H22NO3

+, 336.1594 [M
+ H]+ found, 336.1595.
UV−Visible Analysis. The photophysical studies of

compounds 07−10 were carried out in spectroscopic grade
solvents (acetonitrile, chloroform, and ethanol) at a concen-
tration of 1 × 10−5 M. The UV−vis spectra of all compounds
were recorded with a SHIMADZU UV-1800 spectrophotom-
eter with the wavelength range from 200 to 800 nm using glass
cuvettes with a path length of 1 cm.

PL and Fluorescence Quantum Yield (φf). The emission
spectra of all the synthesized compounds were recorded on a
Perkin Elmer multimode spectrophotometer at a concentration
of 1 × 10−5 M at their excitation wavelength.
The fluorescence quantum yield (φf) was determined using

a standard comparative method relative to standard Rhod-
amine 6G (φf = 0.91, chloroform52) by using the following
relationship.

n
n

Grad
Gradf f (s)

u u
2

s s
2=

where φf is the fluorescence quantum yield. Grad = gradient of
the plot of the integrated area under the curve of the emission
spectra of unknown and standard. n = refractive indices of
solvents. Subscripts “s” and “u” refer to the standard and
unknown fluorophores, respectively.
Standard solutions of various concentrations of compounds

07−10 and rhodamine 6G were prepared in chloroform and
ethanol, respectively, with an absorbance of less than 0.1. The
emission spectra of these solutions were recorded at their
excitation wavelengths of 405, 423, 420, 440, and 518 nm,
respectively, to calculate integrated fluorescence intensity
(peak area). Then, a plot was drawn by taking absorbance
along the x-axis and the integrated area of fluorescence spectra
along the y-axis. The slope of the straight line was used as the
gradient in the above-mentioned equation. The value of factor
(nu/ns)2 was calculated by putting the refractive index value of
chloroform for the unknown and ethanol for the standard.
Thus, by substituting the values of gradients and refractive
indices of unknown and standard and φf of standard in the
above-mentioned equation, fluorescence quantum yields were
calculated.
Cyclic Voltammetry (CV). The electrochemical analysis

was performed on a CHI 660E workstation at room
temperature by using a three-electrode cell system in a
solution of tetrabutylammonium hexafluorophosphate
(nBu4NPF6) 0.1 M as a supporting electrolyte in anhydrous
acetonitrile at a scan rate of 100 mV s−1 between voltage
ranges −1.5 and 1.5 V. The glassy carbon electrode was used as
the working electrode, the Pt wire was used as the counter
electrode, and the Ag/AgCl electrode was used as the reference
electrode. The surface of the working electrode was cleaned
after each scan by mechanical polishing using alumina slurry.
The highest occupied molecular orbital energy was

calculated by using the following empirical equation.

E E E( 4.8)eVHOMO onset FC/FC= ++

where Eonset is the onset of the corresponding oxidation
potential peak. EFC FC/ + is the onset of the oxidation potential
peak of the ferrocene/ferrocenium redox couple used as a
reference.
The lowest unoccupied molecular orbital energy was

calculated by using the following relation.

E E ELUMO HOMO 0 0=

where E0−0 is the optical band gap calculated by using the
formula 1240/λonset, where λonset is the long edge of absorption
spectra.
Computational Methodology. The Gaussian 09 software

package was employed for the theoretical study of the
compounds, and the Gauss View 5.0.8 program was used for
presenting the findings. DFT was used to calculate electronic,
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spectroscopic, and thermodynamic parameters. The energy
calculations of the excited state were performed for calculating
λmax in the solvent (chloroform) and the gaseous phase. After
processing data through SWizard software, the UV−vis
absorption spectra were plotted using the Origin 6.0 program.
To investigate the role of each fragment in charge transfer, the
DOS was computed with PyMOlyze 1.1 software. To assess
exciton excitation processes, the TDM was estimated and
plotted with the Multiwfn 3.7 package.
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