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ABSTRACT
		 A comprehensive study of  the photophysical properties of  three thiophene-based heterocyclic 

chalcones was investigated on the basis of  joint optical spectroscopic technique and quantum chemical 
calculations. Three thiophene-based heterocyclic chalcone derivatives with 2,4,5-methoxy (2,4,5-OMe@
Chal), 2,4,6-methoxy (2,4,6-OMe@Chal) and 3,4,5-methoxy (3,4,5-OMe@Chal) as terminal groups were 
focused. The thiophene-based heterocyclic chalcone, 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal were synthesized, producing in 87%, 85% and 89% yields, respectively. The photophysical 
properties were performed by UV-Vis absorption and fluorescence spectroscopic technique. The 
obtained results indicated that the position of  methoxy substituent groups brings to increasing in the 
fluorescence quantum yield (Фfluo). All the chalcone derivatives exhibit slightly low fluorescence quantum 
yields (Фfluo=0.0051-0.0518). In addition, Density Functional Theory (DFT) at PBE0/6-311G(d,p) 
level were successfully used to evaluate the molecular geometries, the characteristics of  the excited 
singlet and triplet states. The calculated results were in well agreement with the experimental data, and 
indicated that the low fluorescence of  2,4,6-OMe@Chal and 3,4,5-OMe@Chal is derived from, not 
only intersystem crossing but also internal conversion due to the proximity effect. Among the three 
derivatives, it was found that 2,4,5-OMe@Chal shows higher fluorescence quantum yield than the 
others. This work deepens the understanding of  thiophene-based heterocyclic chalcone derivatives 
and provides novel materials for improved fluorescence efficiencies.

Keywords: thiophene-based heterocyclic chalcone, photophysical properties, DFT calculations, 
fluorescence sensors
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1. INTRODUCTION
Recently, thermally activated delayed fluorescence 

(TADF) emitters have attracted much attention 
not only low-cost manufacture without using rare 
metals and potential for high electroluminescence 
(EL) efficiency but also triplet excitons converting 
to singlet excitons [1-5]. TADF materials have 
broken the limitation of  the internal quantum 
efficiency for traditional fluorescence (OLEDs) 
whose maximum utilization of  singlet excitons is 
25% due to the branching ratio of  the singlet and 
triplet excitons (1:3). Therefor, TADF materials 
are considered as the next generation of  lighting 
and display devices [6-7]. For effective TADF 
molecules, a small energy gap (ΔEST) between 
the lowest singlet excited state (S1) and the lowest 
triplet excited state (T1) is important to achieve 
high reverse intersystem crossing (RISC) process, 
because the RISC rate can be represented by 
KRISC ≈1/3exp(-ΔEST/KBT) where KB denotes 
the Boltzmann constant and T is temperature 
[8]. Thus, harvesting the non-radiative triplet 
excitons generated by carrier recombination 
at room temperature is an important issue for 
developing high efficient thermally activated 
delayed fluorescence organic light emitting diodes 
(TADF-OLEDs), and it is necessary to investigate 
the photophysical properties of  TADF molecules. 

Chalcones are organic compounds that 
have a unique functional group of  a carbonyl in 
conjugation with a carbon-carbon double bond, 
which is known as enone function [9-11]. Chalcone 
structure has two phenyl rings, consisting of  two 
parts called ketone and enone parts. This molecule 
can be prepared by an aldol condensation between 
benzaldehyde and acetophenone in sodium 
hydroxide as a catalyst. In addition, chalcones 
can be distributed in plants, fruits and vegetables 
[12]. Chalcones have many applications, involving 
biological activities such as antibacterial [13], 
antifungal [14], anti-inflammatory [15], anti-cancer 
[16], antimicrobial [17], antitubercular agents [18], 
and antiviral agents [19]. Beside their medicinal 
applications, the photophysical and photochemical 

properties of  chalcone have been neglected for 
a long time, while of  chalcone derivatives with 
proper electron push-pull pairs are known to 
be fluorescent, nonlinear optical (NLO) [20], 
precursors in flavonoid synthesis [21], as well as 
fluorescent properties [22]. Chalcone derivatives 
with the smart fluorescent properties were used 
as fluorescent dyes [23], light-emitting diodes 
[24], fluorescent probes [25], and fluorescent 
sensors [26].

Herein, we focused three experimental 
synthesized molecules of  the thiophene-based 
heterocyclic chalcone, 2,4,5-OMe@Chal, 2,4,6-
OMe@Chal and 3,4,5-OMe@Chal as representative 
molecules due to their similar structures and unique 
properties in previous research [20-26]. Based on 
the optimized structures, the optimal function of  
the three molecules, were identified. Furthermore, 
Density Functional Theory (DFT) were applied to 
calculate the radiative rate and the non-radiative 
rate from the lowest singlet excited state (S1) to 
ground state (S0) and the intersystem crossing 
(ISC) rate, reverse intersystem crossing (RISC) 
rate between lowest singlet excited state and triplet 
excited state (T1) as well as the phosphorescence 
rate. The obtained results were especially analyzed 
the excited states properties and demonstrated 
that the additional channel between S1 and T1 can 
promote the ISC and RISC processes for 2,4,5-
OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@
Chal. These could provide a clear guideline for 
molecular luminescence simulations and the design 
of  high efficient TADF molecules.

2. MATERIALS AND METHODS
2.1 Synthesis and Characterization
2.1.1 Materials

All starting materials were purchased from 
Sigma Aldrich and used without further purification. 
All reaction solvents were not distilled before use. 
1H NMR spectra were recorded on a VARIAN 
UNITY INOVA spectrometer which operated 
at 400.00 MHz for 1H in deuterated chloroform 
(CDCl3) with tetra-methysilane (TMS) as an 
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internal reference. UV analysis was done with 
a Perkin Elmer Lambda 35 UV-Vis spectro-
photometer, using a quartz cell with 1 cm path 
length. Fluorescence analysis was obtained using 
a Perkin Elmer Instruments LS55 fluorescence 
spectrophotometer. 

Fluorescence quantum yields were measured 
using a comparative method against a quinine 
sulfate standard. Quinine sulfate was dissolved 
in 0.1 N sulfuric acid and diluted such that its 
absorbance was approximately 0.5 at 400 nm. 
The absorbance was recorded. The solution was 
then accurately diluted tenfold. A fluorescence 
emission spectrum was taken, converted to the 
wavenumber scale, corrected, and integrated. The 
fluorescence quantum yield of  all compoundswere 
calculated according to, Equation (1).

	     

3 

All starting materials were purchased from 

Sigma Aldrich and used without further purification. 
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for 1H in deuterated chloroform (CDCl3) with tetra-
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sulfuric acid and diluted such that its absorbance was 

approximately 0.5 at 400 nm. The absorbance was 
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converted to the wavenumber scale, corrected, and 

integrated. The fluorescence quantum yield of all 
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Equation (1). 
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IrefAdye
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where: Фref  is fluorescence quantum yield of 

the reference (quinine sulfate; Фref = 0.55) sample in 

ethanol, Adye and Aref are the absorbances of the dye 

and the reference at the excitation wavelength (400 

nm). Idye and  Iref are the integrated emission intensity 

for the dye and reference samples.  ndye and  nref  are 

the refractive indexes of the solvent use for the dye and 

the reference, respectively. 

2.1.2 General synthesis of the thiophene-based 

heterocyclic chalcone derivatives 

All compounds as shown in Figure 1 have 

been synthesized following the procedures described 

herein. The thiophene based-heterocyclic chalcone 

derivatives, 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 

3,4,5-OMe@Chal were prepared through the 

condensation of 2-acethylthiophene (2 mmol) with 

2,4,5-trimethoxybenzaldehyde, 2,4,6-trimethoxy- 

benzaldehyde and 3,4,5-trimethoxybenzaldehyde (2 

mmol), respectively. The reactions were performed in 

dichloromethane (10 ml) and stirred and refluxed for 

4 h in an ice bath at 5 °C. The resulting solid was 

collected by filtration, washed with distilled water and 

dried to give an amorphous yellow-coloured solid. 

(E)-1-(2-thienyl)-3-(2,4,5-trimethoxyphenyl)-prop-

2-en-1-one, (2,4,5-OMe@Chal) 

The product of 2,4,5-OMe@Chal as a dark 

yellow powder (% yield = 87) and melting point as 129 

°C. 1H NMR (CDCl3), δ: 8.12 (d, 1H, J = 15.6 Hz, 

Htrans), δ: 7.86 (dd, 1H, J = 0.9 Hz, J = 3.9 Hz, Hth), δ: 

7.65 (dd, 1H, J = 0.9 Hz, J = 4.8 Hz, Hth), δ: 7.39 (d, 

1H, J = 15.6 Hz, Htrans), δ: 7.17 (t, 1H, J = 3.9 Hz, Hth), 

δ: 7.12–6.53 (2H, s, Har), δ: 3.95–3.91 (9H, s, OCH3). 

UV-vis (CH3CN) λmax: 393 nm, λFlu: 526 nm. 

(E)-1-(2-thienyl)-3-(2,4,6-trimethoxyphenyl)-prop-

2-en-1-one, (2,4,6-OMe@Chal) 

The product of 2,4,6-OMe@Chal as a yellow 

powder (% yield = 85) and melting point as 102 °C. 
1H NMR (CDCl3), δ: 8.28 (d, 1H, J = 15.6, Htrans), δ: 

7.81 (d, 1H, J = 5.1 Hz, Hth), δ: 7.79 (d, 1H, J = 15.6, 

Htrans), δ: 7.60 (d, 1H, J = 5.1 Hz, Hth), δ: 7.15 (t, 1H, 

J = 5.1 Hz, Hth), δ: 6.14 (s, 2H, Har), δ: 3.92–3.86 (9H, 

s, OCH3). UV-vis (CH3CN) λmax: 356 nm, λFlu: 462 

nm. 

(E)-1-(2-thienyl)-3-(3,4,5-trimethoxyphenyl)-prop-

2-en-1-one, (3,4,5-OMe@Chal) 

The product of 3,4,5-OMe@Chal as a pale 

yellow powder (% yield = 89) and melting point as 156 

       (1)

where: Фdye is fluorescence quantum yield of  the 
reference (quinine sulfate; 0.55) sample in ethanol, 
Adye and Aref are the absorbances of  the dye and the 
reference at the excitation wavelength (400 nm). 
Idye and Iref  are the integrated emission intensity 
for the dye and reference samples. The ndye and 
nref  are the refractive indexes of  the solvent use 
for the dye and the reference, respectively.

2.1.2 General synthesis of  the thiophene-based 
heterocyclic chalcone derivatives

All compounds as shown in Figure 1 have 
been synthesized following the procedures described 
herein. The thiophene-based heterocyclic chalcone 
derivatives, 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal were prepared through the 
condensation of  2-acethylthiophene (2 mmol) with 
2,4,5-trimethoxybenzaldehyde, 2,4,6-trimethoxy- 
benzaldehyde and 3,4,5-trimethoxybenzaldehyde (2 
mmol), respectively. The reactions were performed 
in dichloromethane (10 ml) and stirred and refluxed 
for 4 h in an ice bath at 5 °C. The resulting solid 
was collected by filtration, washed with distilled 

water and dried to give an amorphous yellow-
coloured solid.

(E)-1-(2-thienyl)-3-(2,4,5-trimethoxyphenyl)-
prop-2-en-1-one, (2,4,5-OMe@Chal)

The product of  2,4,5-OMe@Chal as a dark 
yellow powder (% yield = 87) and melting point 
as 129 °C. 1H NMR (CDCl3), δ: 8.12 (d, 1H, J = 
15.6 Hz, Htrans), δ: 7.86 (dd, 1H, J = 0.9 Hz, J = 
3.9 Hz, Hth), δ: 7.65 (dd, 1H, J = 0.9 Hz, J = 4.8 
Hz, Hth), δ: 7.39 (d, 1H, J = 15.6 Hz, Htrans), δ: 7.17 
(t, 1H, J = 3.9 Hz, Hth), δ: 7.12–6.53 (2H, s, Har), 
δ: 3.95–3.91 (9H, s, OCH3). UV-Vis (CH3CN) 
λmax: 393 nm, λFlu: 526 nm.

(E)-1-(2-thienyl)-3-(2,4,6-trimethoxyphenyl)-
prop-2-en-1-one, (2,4,6-OMe@Chal)

The product of  2,4,6-OMe@Chal as a yellow 
powder (% yield = 85) and melting point as 102 
°C. 1H NMR (CDCl3), δ: 8.28 (d, 1H, J = 15.6, 
Htrans), δ: 7.81 (d, 1H, J = 5.1 Hz, Hth), δ: 7.79 (d, 
1H, J = 15.6, Htrans), δ: 7.60 (d, 1H, J = 5.1 Hz, 
Hth), δ: 7.15 (t, 1H, J = 5.1 Hz, Hth), δ: 6.14 (s, 
2H, Har), δ: 3.92–3.86 (9H, s, OCH3). UV-Vis 
(CH3CN) λmax: 356 nm, λFlu: 462 nm.

(E)-1-(2-thienyl)-3-(3,4,5-trimethoxyphenyl)-
prop-2-en-1-one, (3,4,5-OMe@Chal)

The product of  3,4,5-OMe@Chal as a pale 
yellow powder (% yield = 89) and melting point 
as 156 °C. 1H NMR (CDCl3), δ: 7.90 (dd, 1H, J 
= 0.9 Hz, J = 3.9 Hz, Hth), δ: 7.79 (d, 1H, J = 
15.6 Hz, Htrans), δ: 7.70 (dd, 1H, J = 0.9 Hz, J = 
3.9 Hz, Hth), δ: 7.32 (d, 1H, J = 15.6 Hz, Htrans), δ: 
7.21 (t, 1H, J = 3.9 Hz, Hth), δ: 6.88 (s, 2H, Har), 
3.95–3.92 (9H, s, OCH3). UV-Vis (CH3CN) λmax: 
344 nm, λFlu: 504 nm.

2.2 Computational Details 
The ground and excited state structures 

of  all molecules under investigation were fully 
optimized at the PBE0 level of  theory, employing 
the 6-311G(d,p) basis set and were characterized as 
the true minima on the harmonic potential energy 
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hypersurfaces. To obtain the fluorescence energies 
(EFlu), the first excited-state geometries were fully 
optimized by using the Time-dependent DFT 
method, employing the same exchange correlation 
functional and basis set as was used in the ground 
state structure optimization. The Time Dependent 
Density Function Theory (DFT) method with 
the 6-311G(d,p) basis set was applied to get 
excitation energies (Emax), and electronic transition 
of  molecules. Structures of  the first electronic 
excited state (S1) were optimized by the TD-PBE0 
approach [27-28] with 6-311G(d,p) basis set. In 
addition, the absorption spectra was also explored 
by the TD-PBE0/6-311G(d,p) calculations under 
the S0 and S1 minimum structures, respectively. 

Solvent effects were simulated by employing a 
polarizable continuum model (PCM) [29-30] of  
dichloromethane. All calculations were carried 
out using the Gaussian 09 program [31].

3. RESULTS AND DISCUSSION
3.1 Photophysical Properties

The thiophene-based heterocyclic chalcone 
derivatives, 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal were synthesized with the 
good % yield for 87, 85 and 89, respectively. The 
UV-Vis absorption and fluorescence spectra of  
compounds 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal in acetone, acetonitrile, 
dimethylformamide (DMF), dimethyl sulfoxide 

6 

 

 
  

2,4,5-OMe@Chal 2,4,6-OMe@Chal 3,4,5-OMe@Chal 

(a) 

 
(b) 

Figure 1 (a) Molecular structure of thiophene-based heterocyclic chalcone with 2,4,5-methoxy (2,4,5-

OMe@Chal), 2,4,6-methoxy (2,4,6-OMe@Chal) and 3,4,5-methoxy (3,4,5-OMe@Chal) (b) Photoisomerization 

of 2,4,5-OMe@Chal: trans isomer, transition state and cis isomer 

 
Table 1 Experimental determined optical properties absorption wavelength, λabs and absorption energy, Eabs, molar 
extinction coefficient, ε, emission wavelength, λflu and emission energy, Eflu, fluorescence quantum yield, Φflu and 
Stokes shift of 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal measured in acetonitrile solution 
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3,4,5-OMe@Chal 344 (3.61) 0.0120 504 (2.46) 0.0177 160 
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(DMSO), ethyl acetate and ethanol are shown in 
Figure 2 and Table 1. All the thiophene-based 
heterocyclic chalcone derivatives exhibited two 
evident absorption bands, the first absorption 
band at the shorter wavelength about 324-335 
nm were attributed to the UV cut-off  wavelength 
of  acetonitrile solvent that assigned to the π→π* 

transition of  the π-conjugated backbone (Figure 2). 
The second band at the longer wavelength at 393, 
356 and 344 nm, for 2,4,5-OMe@Chal, 2,4,6-
OMe@Chal and 3,4,5-OMe@Chal, respectively, 
was assigned to the typical π→π* transition, which 
was obtained during electronic transition from 
the ground state to the intramolecular charge 

(b)

(c)

(a)

Figure 2 Absorption spectroscopy and emission spectroscopy of  thiophene-based heterocyclic chal-
cone with (a) 2,4,5-OMe@Chal, (b) 2,4,6-OMe@Chal and (c) 3,4,5-OMe@Chal.
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transfer (ICT) state. It shown that 2,4,5-OMe@
Chal and 3,4,5-OMe@Chal exhibited considerably 
enhanced intramolecular charge transfer (ICT) 
absorption, compared to their 2,4,6-OMe@
Chal. With the change of  solvent polarity, the 
maximum absorption undergoes a small range 
of  the movement, which can be ascribed to the 
intramolecular charge transfer (ICT) of  2,4,5-
OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@
Chal. As for the photoluminescence (PL) spectra, 
an interesting phenomenon which is different 
from the traditional one has been observed. As 
illustrated in Figure 2, the emission peaks of  2,4,5-
OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@
Chal show a large range of  red shift from 450 to 
530 nm with the increase of  solvent polarity from 
acetone to ethanol. Moreover, the fluorescence 
emission of  compounds 2,4,5-OMe@Chal, 2,4,6-
OMe@Chal and 3,4,5-OMe@Chal is very weak, 
so that, it is hardly to be observed even under 
strong UV-Vis irradiation. The UV-Vis absorption 
spectra of  the resulting 2,4,5-OMe@Chal, 2,4,6-
OMe@Chal and 3,4,5-OMe@Chal in acetonitrile 
solution are illustrated in Table 1, showing the 
effect of  the substituent on different position 
of  phenyl group with respect to the conjugated 
connectivity of  the methoxy substituents. The 
almost fluorescence emission of  2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal in 
acetonitrile are possible for an indication of  the 
significant solvent relaxation in the excited state 
because of  the twisted intramolecular charge transfer 

(TICT) phenomena, which mainly weakens the 
fluorescence emission of  the compound due to 
its non-radiative decay. Generally, when the π→π* 
transition occurs, the excited state has a larger 
polarity than the ground state, which leads to a 
greatest stabilizing effect of  solvent polarity on the 
excited state. As a result, the emission peak moves 
toward the long wavelength with the increase of  
solvent polarity. However, if  the polarity is too 
large, it is possible to result in the formation of  
the twisted intramolecular charge transfer (TICT) 
state, leading to the color shift and fluorescence 
quenching, which has been described in details 
by other researchers [32-39]. The solvatochromic 
effect on fluorescence emission of  2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal can 
be further evaluated by the relationship between 
the solvent polarity parameter (∆f) and Stokes 
shift of  the absorption and emission maxima 
(Lippert-Mataga equation) [40-42]. The detailed 
photophysical data are presented in Figure 3. As 
depicted, 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal exhibits large Stokes shift 
which gradually increases with the increase of  
solvent polarity. It is clearly that the slope of  the 
fitting line for 2,4,5-OMe@Chal, 2,4,6-OMe@
Chal and 3,4,5-OMe@Chal reaches a high level 
of  -448,135, -155,108 and 358,279, respectively, 
which also shows obvious solvatochromic effect.

Next, we evaluated the photoluminescence 
properties of  the thiophene-based heterocyclic 
chalcone derivatives. The photoluminescence 

Table 1 Experimental determined optical properties absorption wavelength, λabs and absorption energy, 
Eabs, molar extinction coefficient, ε, emission wavelength, λflu and emission energy, Eflu, fluorescence 
quantum yield, Фflu and Stokes shift of  2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal 
measured in acetonitrile solution.

Compounds  λabs[nm]
(Eabs [eV])

ε 
[M-1.cm-1]

λflu [nm]
 (Eflu [eV]) Фflu

Stokes shift
[nm]

2,4,5-OMe@Chal 393 (3.16) 0.0158 526 (2.36) 0.0518 133

2,4,6-OMe@Chal 356 (3.48) 0.0108 462 (2.68) 0.0051 106

3,4,5-OMe@Chal 344 (3.61) 0.0120 504 (2.46) 0.0177 160
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Figure 3. Variation in the Stokes' shift of the 2,4,5-

OMe@Chal (red), 2,4,6-OMe@Chal (black) and 3,4,5-

OMe@Chal (blue) in solution with the solvent polarity 

parameter (△f) 

 

For 2,4,5-OMe@Chal and 3,4,5-

OMe@Chal, the S0 →S1 transition was found with an 

excitation energy of 396 and 368 nm and an small 

oscillator strength of 2,4,5-OMe@Chal (f=0.667) and 

3,4,5-OMe@Chal (f=0.621). Furthermore, the S0→S3 

excited states have absorptions about 324 nm and 331 

nm and their absorption intensities are almost the same 

(f=0.282 and f=0.284) for 2,4,5-OMe@Chal and 3,4,5-

OMe@Chal, respectively. In contrast to the case of 

2,4,6-OMe@Chal, a fully allowed S0→S1 transition 

was found with excitation energy of 385 nm with high 

oscillator strength f=0.892 and the 335 nm with low 

oscillator strength f=0.034 for the S0→S3 excitation. 

For the 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 

and 3,4,5-OMe@Chal, the electron transitions from 

HOMO→LUMO and HOMO-1→LUMO are 

dominant in the configurations of the state transition 

of 368-396 nm and 324-335 nm, respectively. The 

bathochromic shifts in absorption of 2,4,5-

OMe@Chal, as compared to 2,4,6-OMe@Chal and 

3,4,5-OMe@Chal, are presumably due to the 2,4,5 

position are effective more than 2,4,6 and 3,4,5 

positions. As a result of the increase in electron-
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spectra of  the molecules are given in Figure 2 
and Table 1. These are located in the blue region 
with emission maxima at 526, 462 and 504 nm, 
respectively. In Table 1 it can be seen that the 
methoxy groups on the different position of  
phenyl ring led to large a stokes shift about 100-
160 nm of  emission maxima for 2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal. 
From the fluorescence spectra of  thiophene-based 
heterocyclic chalcone derivatives, it was clear 
that as the 2,4,5 position effect of  substituents 
increases a strong red shift of  about 30 nm (λFlu; 
2,4,5-OMe@Chal 526 nm and λFlu; 3,4,5-OMe@
Chal 504 nm) was observed with a corresponding 
increase in both the fluorescence intensity and 
the quantum yield (Table 1). 

The experimental fluorescence quantum yields 
(Фflu) were collected in Table 1. The maximum 
wavelength of  the emission spectra of  2,4,5-
OMe@Chal was 526 nm (Фflu = 0.0518). Whereas, 
2,4,6-OMe@Chal and 3,4,5-OMe@Chal with 
substituted methoxy groups in phenyl ring in 
the emission spectra are 462 nm (Фflu = 0.0051) 
and 504 nm (Фflu = 0.0177), respectively. The 

fluorescence quantum yield of  2,4,5-OMe@Chal, 
2,4,6-OMe@Chal and 3,4,5-OMe@Chal showed 
low fluorescence quantum yields. The stokes shift 
observed demonstrates that the structures of  
2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal are more relaxed upon excitation and 
the results in a longer radiative lifetime.

3.2 Theoretical Study
Quantum chemical calculations can help to 

understand the photophysical behaviors and to 
correctly assign the transitions of  the thiophene-
based heterocyclic chalcone when it attached by the 
electron-donating groups. Moreover, computational 
studies allow us to systematically take into account 
the influence of  different substituent positions on 
the spectroscopic features, as well as the behavior 
of  the photophysical properties of  thiophene-
based heterocyclic chalcone derivatives. In order 
to investigate the photophysical properties of  the 
thiophene-based heterocyclic chalcone derivatives, 
we investigated the excited-state electronic structure 
of  the compound with the TD-DFT methods. 
Excitation energies and oscillator strengths for 
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the transition from the ground state S0 to S1, S2 
and S3 states of  the thiophene-based heterocyclic 
chalcone derivatives were calculated using the 
TD-DFT (TD-PBE0/6-311G(d,p)) method.

3.2.1 TD-DFT calculated photophysical 
properties of  the thiophene-based heterocyclic 
chalcone derivatives

The absorption wavelengths, oscillator 
strengths and excitation character of  2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal 
molecules are listed in Table 2, together with the 
experimental absorption spectra. The calculated 
data for 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal have the same variation 
trend with the experimental results. Calculations 
of  electronic transition lead to two important 
transitions in the ranges 350-400 nm and 300-
330 nm. We interpreted the first main peak as 
corresponding to the peak measured at around 
350-400 nm as corresponding to the peak assigned 
to the π→π* transitions. As shown in Table 2 
for the 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 
3,4,5-OMe@Chal molecules possess two singlet 
states, the first peak 367-388 nm as the S0→S1 

excitation and the second peak 318-332 nm as 
S0→S3 excitation that corresponding to electron 
transitions from HOMO→LUMO and HOMO-
1→LUMO, respectively (Figure 4).

For 2,4,5-OMe@Chal and 3,4,5-OMe@Chal, 
the S0 →S1 transition was found with an excitation 
energy of  388 and 367 nm and an small oscillator 
strength of  2,4,5-OMe@Chal (f=0.689) and 3,4,5-
OMe@Chal (f=0.621). Furthermore, the S0→S3 
excited states have absorptions about 318 nm 
and 331 nm and their absorption intensities are 
almost the same (f=0.279 and f=0.284) for 2,4,5-
OMe@Chal and 3,4,5-OMe@Chal, respectively. 
In contrast to the case of  2,4,6-OMe@Chal, a 
fully allowed S0→S1 transition was found with 
excitation energy of  380 nm with high oscillator 
strength f=0.921 and the 332 nm with low oscillator 
strength f=0.035 for the S0→S3 excitation.

For the 2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal, the electron transitions 
from HOMO→LUMO and HOMO-1→LUMO 
are dominant in the configurations of  the state 
transition of  367-388 nm and 318-332 nm, 
respectively. The bathochromic shifts in absorption 
of  2,4,5-OMe@Chal, as compared to 2,4,6-OMe@

Table 2 Excitation energies, oscillator strengths (f), composition of  orbitals, and absorption wavelength 
of  the 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal.

State eV nm f Composition Expt.(nm)

 2,4,5-OMe@Chal

S0→S1 
S0→S2 
S0→S3

3.19
3.55
3.89

388
349
318

0.6892
0.0001
0.2792

HOMO→LUMO (92%) 
H-4→LUMO (85%) 
H-1→LUMO (82%)

393
-
-

 2,4,6-OMe@Chal 

S0→S1 
S0→S2 
S0→S3

3.26
3.60
3.73

380
345
332

0.9210
0.0000
0.0347

HOMO→LUMO (94%) 
H-4→LUMO (87%) 
H-1→LUMO (78%)

356
-
-

 3,4,5-OMe@Chal 

S0→S1 
S0→S2 
S0→S3

3.37
3.55
3.74

367
349
331

0.6211
0.0000
0.2839

HOMO→LUMO (91%) 
H-5→LUMO (86%) 
H-1→LUMO (85%)

344
-
-
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Chal and 3,4,5-OMe@Chal, are presumably due 
to the 2,4,5 position are effective more than 2,4,6 
and 3,4,5 positions. As a result of  the increase in 
electron-donating ability of  the methoxy group 
attached at the 2,4,5-positions of  phenyl group 
2,4,5-OMe@Chal, the ICT absorption peaks 
were significantly red-shifted to be 388 nm as 
found from calculations and experimental results 
(Table 2). This indicates that 2,4,5-OMe@Chal 
induced more effective ICT interaction from 
electron-donating conjugated on the phenyl ring 
to thiophene ring. The results indicate that the 
positions of  substituent of  electron-donating 
abilities are effect to electronic properties when 
the substituents as the methoxy groups changed 
from position 2 to position 6 of  the phenyl ring. 
The calculated wavelengths of  2,4,5-OMe@Chal, 
2,4,6-OMe@Chal and 3,4,5-OMe@Chal (388, 
380 and 367 nm, respectively) agree well with 
the experimental spectra (393, 356 and 344 nm) 
in acetonitrile solution.

The molecular orbitals relevant for the 2,4,5-
OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe-@
Chal molecules are presented in Figure 4. The 
molecular orbitals show that the transition from 
HOMO (highest-occupied molecular orbital) to 

LUMO (lowest-unoccupied molecular orbital) 
is clearly indicates a complete transfer of  charge 
from the phenyl ring to the thiophene ring and 
the transition from HOMO to LUMO is assigned 
to the π→π* transition. The electron density 
distribution in all these orbitals confirms ICT 
and the π→π* transition of  electronic absorption 
for 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 
3,4,5-OMe@Chal as mentioned in this section. A 
comparison of  2,4,5-OMe@Chal, 2,4,6-OMe@Chal 
and 3,4,5-OMe@Chal reveals how the different 
phenyl substituents give rise to differences in the 
optical properties. The most probable transitions 
of  all compounds, which account from the highest 
oscillator strength, are considered in Table 2. The 
oscillator strength (f) of  2,4,5-OMe@Chal, 2,4,6-
OMe@Chal and 3,4,5-OMe@Chal are 0.689, 0.921 
and 0.621, respectively, corresponding to S0→S1 
(HOMO→LUMO) transition at 388, 380 and 367 
nm, respectively, whereas, the S0→S3 (HOMO-
1→LUMO) transition are 318 nm (f=0.279), 332 
nm (f=0.035) and 331 nm (f=0.284), respectively. 
It is indicated that the main transition of  2,4,6-
OMe@Chal has the larger oscillator strength 
as the most probable ICT transition more than 
π→π* transition from ground state to excited 
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state. These results suggested that the effective 
position of  substituents play an important role 
on electronic properties on the phenyl ring of  
thiophene-based heterocyclic chalcone derivatives.

3.2.2 Photoisomerization dynamic mechanism
	 To examine the nature of  photo-isomerization 
insight the molecule, the S0 and S1 energy profiles 
along the dihedral angles (θ=C1-C2-C3-C4) to 
twisting around C2-C3 bond were investigated 
as shown in Figure 5.

The potential curves (PECs) of  the S0 (red 
line) an S1 states (blue line) were determined 
starting from θ=0° to θ=180° of  the dihedral 
angles. The PECs have been determined on the 
basis of  the DFT and TD-DFT using PBE0/6-
311G(d,p) level of  theory in acetonitrile solution 
at their optimized geometries. The PEC of  the 
ground state (red line) clearly showed that the 
2,4,5-OMe@Chal in trans form was more stable 
than cis one because it required less energy than 
the cis form. For the PEC of  excited state (blue 
line), the cis form became more stable than the 
trans form because the planar cis-type structure 
presented above the global minimum of  the 
excited state. As the C-C torsional angles increased 

from 0° to 90°, the PEC of  S1 decreased while 
the PEC of  S0 increased and both reached S1→S0 
intersection at θ=C1-C2-C3-C4=90°. After the 
presence of  conical intersection, a back twist 
form to cis form could occur and this led to the 
presence of  only cis form of  molecules at the 
end of  reaction coordinate. Thus, based on our 
calculated results, it could be remarked that the 
conical intersection between S1 and S0 potential 
energy surfaces played the most important role in 
nonradiative deactivation of  the dye via ultrafast 
internal conversion of  the excited system to the 
ground state. The trans*→cis* transformation 
could occur in the excited state through a barrier-
less path because of  no energy barrier in the S1 
excited state. The results in an emergence of  a 
very large Stokes shift during an emission. After 
decaying to the ground state, the photoisomerization 
(cis form) reverted to the original trans form via 
the barrier for reverse isomerization. This result 
implied that the presence of  ground state to 
convert from trans→cis was more difficult than 
that of  the reverse isomerization process from 
cis→trans, where it was high favorable for excited 
state occurrence. The ground state process was 
possible to occur when applying thermal treatment 
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to the dye for reduce the energy barrier to the 
process. From the evidences, it suggested that 
the ground state process was inoperative, while 
the excited state process was feasible in the dye 
molecule.
	 As mentioned above, the results of  all 
the calculations show the photoiosomerization 
properties, trans to cis isomers, of  2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal 
depend on the relative position between the S0 
and S1 transition states. Based on the optimized 
structures, we identify the optimal functional 
for 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 
3,4,5-OMe@Chal. Furthermore, we calculate 
the radiative rate (kr), nonradiative rate (knr) from 
lowest singlet excited state (S1) to ground state 
(S0) and the intersystem crossing (ISC) rate (kisc), 
reverse intersystem crossing (RISC) rate (krisc) 
between lowest singlet excited state (S1) and triplet 
excited state (T1) as well as the phosphorescence 
rate (kphos). Through our calculation, we analyze 
the excited states properties and demonstrate 
that the additional channel between S1 and T1 
can promote the ISC and RISC processes for 
2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal. This could provide a clear guidance 
for molecular luminescence simulations and the 
design of  high efficient molecules. In addition, the 
radiative lifetime (τ), radiative (kr) and nonradiative 
(knr) rate constants were considered to describe 
the relaxation processes in the excited states. The 
emission calculations were performed by vertical 
de-excitation of  2,4,5-OMe@Chal, 2,4,6-OMe@
Chal and 3,4,5-OMe@Chal using the PBE0/6-
311G(d,p) method in their first singlet excited 
state (S1). This was followed TD-DFT calculations 
employing the TD-PBE0/6-311G(d,p) method 
from the singlet ground state (S0) using the 
former geometries. The fluorescence transition 
energies (EFlu) and oscillator strengths (f) were 
used to calculate the radiative lifetime (τ) using 
the Einstein transition probabilities according to 
the following formula,
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𝜏𝜏𝜏𝜏 = 𝐶𝐶𝐶𝐶2

2(𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)2𝑓𝑓𝑓𝑓
 .......... (2) 

 

Where c is the velocity of light, EFlu is the 

fluorescence transition energy, and f is the oscillator 

strength. 

Based on the radiative (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟) and nonradiative 

(𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) rate constants have been calculated according to 

Equation (3) and (4).  

 

𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1
𝜏𝜏𝜏𝜏

= 𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 + 𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟 .......... (3) 

𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 =  Ф𝑓𝑓𝑓𝑓𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝜏𝜏𝜏𝜏

 …………… (4) 

 

The predicted emission energies (Eflu), 

radiative lifetime (τ) and the rate constants (ktot, kr and 

knr) are summarized in Table 3. The results indicate 

that the calculated fluorescence of 2,4,5-OMe@Chal, 

2,4,6-OMe@Chal and 3,4,5-OMe@Chal molecule 

exhibit 495, 414 and 435 nm, respectively for S1 with 

the largest oscillator strength arising from 

HOMO→LUMO corresponding to π→π* excitation. 

                 (2)

Where c is the velocity of  light, EFlu is the 
fluorescence transition energy, and f is the oscillator 
strength.

Based on the radiative (kr) and nonradiative 
(knr) rate constants have been calculated according 
to Equation (3) and (4). 
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state. The trans*→cis* transformation could occur in 

the excited state through a barrier-less path because of 

no energy barrier in the S1 excited state. The results in 

an emergence of a very large Stokes shift during an 

emission. After decaying to the ground state, the 

photoisomerization (cis form) reverted to the original 

trans form via the barrier for reverse isomerization. 

This result implied that the presence of ground state to 

convert from trans→cis was more difficult than that of 

the reverse isomerization process from cis→trans, 

where it was high favorable for excited state 

occurrence. The ground state process was possible to 

occur when applying thermal treatment to the dye for 

reduce the energy barrier to the process. From the 

evidences, it suggested that the ground state process 

was inoperative, while the excited state process was 

feasible in the dye molecule. 

 As mentioned above, the results of all the 

calculations show the photoiosomerization properties, 

trans to cis isomers, of 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal depend on the 

relative position between the S0 and S1 transition 

states. Based on the optimized structures, we identify 

the optimal functional for 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal. Furthermore, we 

calculate the radiative rate (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟), nonradiative rate (𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) 

from lowest singlet excited state (S1) to ground state 

(S0) and the intersystem crossing (ISC) rate (kisc), 

reverse intersystem crossing (RISC) rate (krisc) 

between lowest singlet excited state (S1) and triplet 

excited state (T1) as well as the phosphorescence rate 

(kphos). Through our calculation, we analyze the 

excited states properties and demonstrate that the 

additional channel between S1 and T1 can promote the 

ISC and RISC processes for 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal. This could 

provide a clear guidance for molecular luminescence 

simulations and the design of high efficient molecules. 

In addition, the radiative lifetime (𝜏𝜏𝜏𝜏), radiative (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟) 

and nonradiative (𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) rate constants were considered 

to describe the relaxation processes in the excited 

states. The emission calculations were performed by 

vertical de-excitation of 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal using the PBE0/6-

311G(d,p) method in their first singlet excited state 

(S1). This was followed TD-DFT calculations 

employing the TD-PBE0/6-311G(d,p) method from 

the singlet ground state (S0) using the former 

geometries. The fluorescence transition energies (EFlu) 

and oscillator strengths (f) were used to calculate the 

radiative lifetime ( 𝜏𝜏𝜏𝜏 ) using the Einstein transition 

probabilities according to the following formula, 

 

𝜏𝜏𝜏𝜏 = 𝐶𝐶𝐶𝐶2

2(𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)2𝑓𝑓𝑓𝑓
 .......... (2) 

 

Where c is the velocity of light, EFlu is the 

fluorescence transition energy, and f is the oscillator 

strength. 

Based on the radiative (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟) and nonradiative 

(𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) rate constants have been calculated according to 

Equation (3) and (4).  

 

𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1
𝜏𝜏𝜏𝜏

= 𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 + 𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟 .......... (3) 

𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 =  Ф𝑓𝑓𝑓𝑓𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝜏𝜏𝜏𝜏

 …………… (4) 

 

The predicted emission energies (Eflu), 

radiative lifetime (τ) and the rate constants (ktot, kr and 

knr) are summarized in Table 3. The results indicate 

that the calculated fluorescence of 2,4,5-OMe@Chal, 

2,4,6-OMe@Chal and 3,4,5-OMe@Chal molecule 

exhibit 495, 414 and 435 nm, respectively for S1 with 

the largest oscillator strength arising from 

HOMO→LUMO corresponding to π→π* excitation. 

             (3)
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state. The trans*→cis* transformation could occur in 

the excited state through a barrier-less path because of 

no energy barrier in the S1 excited state. The results in 

an emergence of a very large Stokes shift during an 

emission. After decaying to the ground state, the 

photoisomerization (cis form) reverted to the original 

trans form via the barrier for reverse isomerization. 

This result implied that the presence of ground state to 

convert from trans→cis was more difficult than that of 

the reverse isomerization process from cis→trans, 

where it was high favorable for excited state 

occurrence. The ground state process was possible to 

occur when applying thermal treatment to the dye for 

reduce the energy barrier to the process. From the 

evidences, it suggested that the ground state process 

was inoperative, while the excited state process was 

feasible in the dye molecule. 

 As mentioned above, the results of all the 

calculations show the photoiosomerization properties, 

trans to cis isomers, of 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal depend on the 

relative position between the S0 and S1 transition 

states. Based on the optimized structures, we identify 

the optimal functional for 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal. Furthermore, we 

calculate the radiative rate (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟), nonradiative rate (𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) 

from lowest singlet excited state (S1) to ground state 

(S0) and the intersystem crossing (ISC) rate (kisc), 

reverse intersystem crossing (RISC) rate (krisc) 

between lowest singlet excited state (S1) and triplet 

excited state (T1) as well as the phosphorescence rate 

(kphos). Through our calculation, we analyze the 

excited states properties and demonstrate that the 

additional channel between S1 and T1 can promote the 

ISC and RISC processes for 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal. This could 

provide a clear guidance for molecular luminescence 

simulations and the design of high efficient molecules. 

In addition, the radiative lifetime (𝜏𝜏𝜏𝜏), radiative (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟) 

and nonradiative (𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) rate constants were considered 

to describe the relaxation processes in the excited 

states. The emission calculations were performed by 

vertical de-excitation of 2,4,5-OMe@Chal, 2,4,6-

OMe@Chal and 3,4,5-OMe@Chal using the PBE0/6-

311G(d,p) method in their first singlet excited state 

(S1). This was followed TD-DFT calculations 

employing the TD-PBE0/6-311G(d,p) method from 

the singlet ground state (S0) using the former 

geometries. The fluorescence transition energies (EFlu) 

and oscillator strengths (f) were used to calculate the 

radiative lifetime ( 𝜏𝜏𝜏𝜏 ) using the Einstein transition 

probabilities according to the following formula, 

 

𝜏𝜏𝜏𝜏 = 𝐶𝐶𝐶𝐶2

2(𝐸𝐸𝐸𝐸𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹)2𝑓𝑓𝑓𝑓
 .......... (2) 

 

Where c is the velocity of light, EFlu is the 

fluorescence transition energy, and f is the oscillator 

strength. 

Based on the radiative (𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟) and nonradiative 

(𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟) rate constants have been calculated according to 

Equation (3) and (4).  

 

𝑘𝑘𝑘𝑘𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 = 1
𝜏𝜏𝜏𝜏

= 𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 + 𝑘𝑘𝑘𝑘𝑛𝑛𝑛𝑛𝑟𝑟𝑟𝑟 .......... (3) 

𝑘𝑘𝑘𝑘𝑟𝑟𝑟𝑟 =  Ф𝑓𝑓𝑓𝑓𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
𝜏𝜏𝜏𝜏

 …………… (4) 

 

The predicted emission energies (Eflu), 

radiative lifetime (τ) and the rate constants (ktot, kr and 

knr) are summarized in Table 3. The results indicate 

that the calculated fluorescence of 2,4,5-OMe@Chal, 

2,4,6-OMe@Chal and 3,4,5-OMe@Chal molecule 

exhibit 495, 414 and 435 nm, respectively for S1 with 

the largest oscillator strength arising from 

HOMO→LUMO corresponding to π→π* excitation. 

                        (4)

The predicted emission energies (Eflu), radiative 
lifetime (τ) and the rate constants (ktot, kr and knr) 
are summarized in Table 3. The results indicate 
that the calculated fluorescence of  2,4,5-OMe@
Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal 
molecule exhibit 517, 438 and 459 nm, respectively 
for S1 with the largest oscillator strength arising 
from HOMO→LUMO corresponding to π→π* 
excitation. Again, the results are in agreement with 
the experimental results of  526, 462 and 504 nm. 
The result shows that the radiative lifetimes (τ) 
of  the 2,4,6-OMe@Chal and 3,4,5-OMe@Chal 
are shorter than those of  the 2,4,5-OMe@Chal. 
This indicates that the emission or fluorescence 
of  2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal are complete following geometry 
relaxation subsequent to the photo-excitation 
and also nonradiative decay to the ground state. 
This means the radiative and nonradiative decay is 
different between the compounds. The radiative 
(kr) and nonradiative (knr) rate constants are more 
dominant for 2,4,5-OMe@Chal, 2,4,6-OMe@
Chal and 3,4,5-OMe@Chal. It shows that both 
the radiative and nonradiative de-excitation rates 
are affected by the position substituent groups; 
with the 2,4,5-position giving a radiative rate 
enhancement. As discussed earlier, the radiative 
lifetime is dependent on their position.

In organic semiconductors, the triplet exciton 
state usually lies below the singlet exciton state, 
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Table 3 Wavelength of  emission energies, radiative lifetime (τ), radiative rate (kr), nonradiative rate (knr) 
and singlet-triplet energy splitting (∆EST) using PCM-TD-PBE0/6-311G(d,p) method in acetonitrile 
solution for the 2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-OMe@Chal.

Compounds EFlu (nm)  τ (ns) kr (109 s-1) knr (109 s-1) ktot (109 s-1) ∆EST (eV)

trans-isomer

2,4,5-OMe@Chal 517 6.75 0.0077 0.1405 0.1481 0.93

2,4,6-OMe@Chal 438 2.63 0.0019 0.3783 0.3802 1.21

3,4,5-OMe@Chal 459 3.36 0.0053 0.2923 0.2976 1.30

cis-isomer

2,4,5-OMe@Chal 533 7.96 0.0065 0.1191 0.0546 0.78

2,4,6-OMe@Chal 421 2.56 0.0020 0.3886 0.0051 0.17

3,4,5-OMe@Chal 470 7.62 0.0023 0.1289 0.0181 0.35

and the singlet state can be directly excited by 
the absorption of  a photon. The excited electron 
gets transferred to the corresponding vibrational 
energy of  the triplet state and its spin gets 
flipped due to the spin-orbit interaction. Hence, 
a singlet exciton gets converted to a triplet and 
the mechanism is called intersystem crossing 
(ISC) and reverse intersystem crossing (RISC). 
Traditionally, the photoluminescence properties 
of  aromatic carbonyl compounds have been 
interpreted based on intersystem crossing due to 
the n→π* transition state and have been developed 
in the electron transfer reaction by using such 
characteristics; however, internal conversion due to 
the proximity effect is currently being recognized 
in various studies in which most compounds are 
carbonyl derivatives. This effect is also considered 
important when developing emission materials. 
In Table 3, we give a detailed summary of  the 
photoluminescence properties and processes of  
2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal. In addition, the specific fluorescence 
behaviors of  thiophene-based heterocyclic chalcone 
derivatives, which we measured using the same 
methods, are also described there; that is, with this 
work, we can also systematize the photophysical 
and photoluminescence properties of  thiophene-

based heterocylclic chalcone derivatives. Further, 
this classification suggests the possibility that the 
photoluminescence properties of  the chalcone 
derivatives may be predictable by using TD-DFT 
calculations. Most importantly, a small ΔEST is 
critical to activate the reverse intersystem crossing 
(RISC) process from T1 to S1. The ΔEST values of  
2,4,5-OMe@Chal, 2,4,6-OMe@Chal and 3,4,5-
OMe@Chal are listed in Table 3. As expected 
from the frontier orbitals analysis, the ΔEST values 
of  2,4,5-OMe@Chal is very small, indicating that 
they plausibly has 2,4,5-OMe@Chal properties with 
efficient up-conversion from T1 to S1. In details, 
2,4,6-OMe@Chal and 3,4,5-OMe@Chal have the 
same ΔEST, while 2,4,5-OMe@Chal possesses a 
slight lower ΔEST than 2,4,6-OMe@Chal and 
3,4,5-OMe@Chal, suggesting that varying the 
position of  the methoxy group has an influence 
on ΔEST values.

4. CONCLUSIONS
In summary, photophysical properties 

for photoisomerization of  the chalcone-based 
heterocyclic derivatives have been successfully 
investigated using experimental methods combined 
with theoretical calculations. We present here the 
effect of  different position of  methoxy substituent 
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groups to photophysical properties of  chalcone. 
The studies of  structural properties show the 
methoxy group effect to the phenyl ring but no 
effect to the enone linkage. The dynamics of  the 
photoisomerization of  trans to cis isomers were 
considered based on the potential energy curves 
of  the S1 along the proton transfer coordinate. 
The trans form was high stable, while the cis 
form was mainly existed solutions. It revealed 
that the energy barrier of  the trans form was 
lower than that of  the cis form allowing an 
occurrence of  excited state process being more 
rapidly and easily than that of  the cis form. The 
conical intersection between S1 and S0 potential 
energy surfaces of  the dye could lead to π→π* 
character. This indicates that theoretical studies 
based on density functional theory calculations 
can help clarify the role of  charge transfer of  the 
chalcone-based hetrocyclic chalcone derivatives. 
The introduction of  electron-donating into 
methoxy based derivatives could prove very useful 
in the development of  materials with improved 
fluorescence efficiencies. The information about 
low fluorescence compounds dominated by both 
intersystem crossing and internal conversion has 
been important in the fields of  probe, sensors, 
and electron transfer reactions, as has that about 
high fluorescence compounds. We believe this 
knowledge will facilitate the design of  not only 
emitting materials but also other applications. 
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