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A B S T R A C T

The transient photophysical properties and the photochemical behavior of a series of chalcone derivatives, 
nitrochalcone 1a, aminochalcone 1b, and para-substituted iminochalcones 2a –N(CH3)2, 2b –H, and 2c –NO2, 
were investigated via UV–Vis spectroscopy, laser flash photolysis, and density functional theory (DFT) calcula
tions. 1H NMR spectroscopy was utilized to characterize the photoreaction products. Transient lifetimes fall in 
the nanosecond range, and the absorption wavelength of the transient of all compounds is influenced by the 
electronic characteristics of the substituents, as well as the solvent properties. Charge-transfer character plays a 
crucial role in the behavior exhibited by compounds 1b and 2a. The stabilization of the intramolecular charge- 
transfer state for 2a in acetonitrile completely suppressed its transient formation. The behavior observed for all 
compounds is consistent with the assignment of the transients as triplet species, as reported for structurally 
related chalcones in the literature. DFT calculations for triplet absorption spectra, Jablonski diagrams, and 
symmetry analysis of natural transition orbitals further support this observation. Non-radiative decays com
manded the photophysical properties of compounds 1a and 2c. All compounds underwent either photo
isomerization or photocycloaddition when irradiated at their maximum absorption wavelength (λmax). The 
molecular structure, solvent properties, and irradiation wavelength all influenced the reactions observed with the 
chalcones. An E/Z-photoisomerization reaction was confirmed for 1a and 1b in DMSO, under LED irradiation at 
λ1a = 365 nm and λ1b = 400 nm. These results support chalcones as a versatile class of compounds that can be 
tailored for different applications by fine-tuning their molecular structure, the surrounding medium, and the 
stimuli for photoreaction.

1. Introduction

Chalcones are a class of molecules known not only for their medic
inal properties [1] but also for their capability to undergo photochem
ical reactions that lead to various other compounds. To illustrate the 
significance of these photoreactions, it is worth mentioning the 
improvement that the incorporation of chalcone molecules brought to 
the development of liquid crystal displays (LCD) [2]. Previously, the 
mass production of LCDs involved aligning mechanically fine layers of 
polyimides by rubbing cotton or nylon tissue against the LCD material 
[3,4]. However, after the incorporation of polymers with photoreactive 

units, such as polyvinyl cinnamates (PVCi) [5], the alignment process 
began to be performed through photoisomerization or photo
dimerization reactions, thereby becoming a process that is free from 
human contact and allowing the creation of more complex structures 
[2]. The similarity between the reactivity of cinnamates and chalcones 
lies in the presence of a conjugated α,β-unsaturated carbonyl system, 
which allows chalcones also to be employed as photoalignment agents in 
liquid crystal display devices [6].

Under irradiation, chalcone molecules can populate Sππ* and Snπ* 
excited states. These compounds can also present a high intersystem 
crossing (ISC) rate constant [7]. Such characteristics favor the existence 
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of Sππ* → Tnπ* and Snπ* → Tππ* electronic transitions, leading to the 
population of triplet states [8]. The possibility of populating different 
excited states endows chalcones with interesting photoreactive proper
ties. Depending on the structure of the chalcone, especially considering 
the substituents and their position on the molecule, the compound can 
undergo different excited-state reactions. A typical example is the pho
tocyclization of the 2′-hydroxychalcone, which enables the obtention of 
the basic structure of flavones [9,10]. These photoreactions can either 
occur on the α,β-unsaturation or involve the carbonyl group and a 
substituent. Among the assortment of photochemical reactions pre
sented by chalcones, photoisomerization (E/Z-isomerization) and pho
todimerization ([2π+2π] cycloaddition) are the most studied ones, due to 
their potential to favor the development of better materials, as in the 
case of LCDs, for instance.

Photodimerization is the name given to a [2π+2π] photo
cycloaddition between free chalcone molecules. Conversely, when this 
reaction involves chalcone moieties attached to a polymeric chain, for 
instance, it is referred to as photo-crosslinking. In both cases, this re
action is characterized by the chemical interaction between an 
α,β-unsaturated ketone in the triplet excited state and an α,β-unsaturated 
ketone in the ground state, leading to the formation of a cyclobutane 
ring that connects them [11]. Depending on the orientation of the α and 
β carbons during the cycloaddition, there is a possibility of forming four 
different cyclobutane isomers, known as α- and ε-truxilic, β- and 
δ-truxinic isomers [12,13].

When a chalcone molecule is irradiated, a photoisomerization reac
tion of the C––C double bond may occur. This light-triggered process, as 
observed in disubstituted olefins, can proceed directly from the singlet 
or triplet states, following two mechanistic pathways: single-path or 
dual-path [14]. The single-path mechanism occurs exclusively via triplet 
states [15], whereas the dual-path mechanism involves the mutual 
participation of singlet and/or triplet states [16]. The occurrence of one 
mechanism over the other, or even the simultaneous occurrence of both, 
will depend on the stability of the excited states and is directly influ
enced by the substituents and the surrounding environment.

As presented above, E/Z-photoisomerization and [2π+2π] photo
cycloaddition are chemical reactions that require the population of 
specific excited states to occur. The distinctive features of these photo
reactions and the importance of their physical processes highlight the 
equal significance of synthesizing new chalcones and examining their 
photophysical and photochemical properties. Additionally, innovations 
across multiple scientific fields may arise from advances in under
standing these compounds and their associated phenomena. Motivated 
by this scenery, we present an investigation of the excited state processes 

of five chalcone derivatives, which differ in the donor-acceptor char
acter of their substituents and whose structures are shown in Scheme 1. 
Herein, their transient photophysical properties, solvatochromic char
acteristics, photochemical kinetics, and product characterization are 
exhibited.

2. Experimental

2.1. Chemicals

All solvents were purchased from Sigma-Aldrich and used without 
further purification. Methanol (MeOH), acetonitrile (MeCN), and ethyl 
acetate (EtOAc) were HPLC grade. Chalcones 1-(4-hydroxyphenyl)-3-(4- 
nitrophenyl)prop-2-en-1-one (1a) and 3-(4-aminophenyl)-1-(4-hydrox
yphenyl)prop-2-en-1-one (1b) and iminochalcones (2a-c) were synthe
sized as previously described [17]. Briefly, nitrochalcone 1a was 
prepared through a Claisen-Schmidt condensation reaction involving 4- 
hydroxyacetophenone and 4-nitrobenzaldehyde. Then 1a was converted 
into aminochalcone 1b by reduction of the -NO2 group catalyzed by Fe◦. 
Afterwards, 1b was subjected to a condensation reaction with the 
respective p-substituted benzaldehydes (R = –N(CH3)2 (2a), –H (2b), 
and –NO2 (2c)) to produce iminochalcones 2a-c.

2.2. Instrumental

UV–Vis measurements were performed on a Shimadzu UV-2550 
spectrophotometer in the 500 to 200 nm range, with a spectral resolu
tion of 0.5 nm. Transient decays and triplet-triplet absorption spectra 
were determined using a Laser Flash Photolysis LUZCHEM mini-system 
apparatus, model mLPF112. Samples were excited by the third harmonic 
(λexc = 355 nm, single pulses of 5.2 ns duration and 40 mJ/pulse) of an 
Nd-YAG laser Brilliant B, Quantel. The studies were conducted in solu
tions, using methanol (MeOH), acetonitrile (MeCN), and ethyl acetate 
(EtOAc) as solvents. The solutions in 1 cm path length quartz cells were 
degassed by bubbling N2 (free of O2) for 15 min and stored under N2 
atmosphere for analysis. The sample concentrations were selected to 
ensure their absorbances at 355 nm were approximately 0.3. 1H NMR 
spectra were obtained using an Agilent Technologies 500/54 Premium 
Shielded in DMSO‑d6 at 25.0 ± 0.1 ◦C. Chemical shifts were reported in 
ppm relative to TMS. The steady-state photochemical studies were 
performed in quartz cells (1 cm path length) using an Oriel 68,805, 
equipped with an Hg(Xe) ThermoOriel 6292 lamp (200 W) as the light 
source. The photoreactions accompanied by 1H NMR spectroscopy were 
conducted in quartz tubes using a multispectral photoreactor, Delpho 

Scheme 1. Illustration of a chalcone molecule highlighting the position of the substituent group and the presence of the donor and acceptor units (left). Repre
sentation of the chalcone derivatives investigated in this study (right).
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Instruments, Multi-Fotons 320RA, equipped with LEDs of different 
wavelengths (365, 400, 470, 515, 568, 590, and 624 nm) as light 
sources.

2.3. Data analysis

The percentage of photoconversion was calculated using the equa
tion: photoconversion (%) = [(A0 − At)/A0] × 100, where A0 and At 
correspond to the absorbance at the irradiation wavelength before 
irradiation and after each irradiation interval, respectively. The kinetic 
rate constants (kobs) correspond to the slope of the linear fit of ln 
[(A0–A∞)/(At–A∞)] vs. irradiation time, where A0, At, and A∞ are the 
absorbances at the irradiation wavelength before irradiation, at a given 
time t, and at the photostationary state, respectively. Following the 
methodology reported by Stadler and coworkers [18], the reaction 
quantum yield (Φreaction) for the irreversible processes was determined 
using the equation: Φreaction = (kobs × C0)/Ia, where kobs is the first-order 
rate constant, C0 is the initial sample concentration, and Ia is the 
absorbed light intensity at time zero. For reversible processes, the 
pseudo total quantum yield (Q, defined as Q = εZΦZ + εEΦE) was 
calculated according to Stadler and coworkers [18] using the equation: 
Q = kobs/(l × I0 × F), where kobs is the first-order rate constant, l is the 
path length of irradiation, and F is the photokinetic factor (defined as F 
= (1–10− A0)/A0, with A0 being the absorbance at the irradiation 
wavelength at time zero).

2.4. Theoretical calculations

The ground-state structures of compounds 1a,b, and 2a-c were 
optimized in MeOH, MeCN, and EtOAc, and their vibrational fre
quencies were subsequently calculated. This optimization was per
formed using Gaussian G09 [19] with the B3LYP functional [20] in 
combination with the DGDZVP basis set [21,22]. In the sequence, T1- 
state geometries were optimized for each solvent using ORCA 6.1.0 
[23,24], employing the B3LYP functional [20] with the def2-TZVPP 
basis set [25–27] and the Def2-TZVPP/C, which is an auxiliary basis 

set suitable for post-(CAS)SCF dynamical electron correlation methods, 
for use with the respective def2 orbital basis [23]. After, the excitation 
spectra for the first twenty triplet excited states were calculated from the 
relaxed T1 geometries using ORCA 6.1.0 [23,24]. The double-hybrid 
functional B2PLYP [28–30] was used in combination with the def2- 
TZVPP basis set and the Def2-TZVPP/C auxiliary basis set. In all calcu
lations, the solvents were described using the CPCM model [31,32].

3. Results and discussion

3.1. Photophysical studies – Laser Flash Photolysis (LFP)

The photophysical characterization of the compounds 1a,b, and 2a-c 
began with the analysis of their ground-state absorption spectra, 
recorded in MeOH, MeCN, and EtOAc solutions. As presented in Fig. 1, 
chalcones and iminochalcones exhibited a very intense band in the re
gion between 300 and 425 nm. This transition band is attributed to 
strongly allowed π → π* transitions, involving mixed πcinnamoyl → π* and 
nc=o → π* character [33], and presenting a Frank-Condon (FC) excited 
state with strong intramolecular charge transfer (ICT) character [34]. 
Two other bands are noticed, especially in MeOH and MeCN. The band 
around 275 and 300 nm arises from the mixed πbenzoyl → π* and πc=o → 
π* transitions. On the other hand, the band below 275 nm is frequently 
attributed to the πPh → π* absorption process in the π-orbitals of the 
phenyl rings [17]. For compounds 1a, 1b, and 2a, an evident bath
ochromic shift in polar solvents was observed for the main band, 
agreeing with the proposed ICT character (Table 1). Iminochalcones 2b 
and 2c also displayed a shift to larger wavelengths, but only considering 
the polarity change from MeCN to MeOH. Regarding the EtOAc solution, 
these compounds presented λmax values very similar to those recorded in 
MeCN. No trend in the molar absorption coefficient (εmax) was observed 
with changes in solvent polarity.

The technique of Laser Flash Photolysis was employed in the excited- 
state photophysical characterization of chalcones 1a,b, and imi
nochalcones 2a-c; their photophysical behavior was assessed in MeOH, 
MeCN, and EtOAc. No transients were observed for iminochalcone 2c in 

Fig. 1. UV–Vis absorption spectra of nitrochalcone 1a, aminochalcone 1b, and iminochalcones 2a, 2b, and 2c [2 × 10− 5 M] in MeOH, MeCN, and EtOAc.

Table 1 
Ground-state photophysical properties of chalcones 1a,b, and iminochalcones 2a-c in solvents of different polarities.

Entry Chalcone λmax (nm) εmax (104 M− 1 cm− 1)

MeOHa MeCNb EtOAcc MeOHa MeCNb EtOAcc

1 1a (–NO2) 324 320 314 2.97 2.74 2.48
2 1b (–NH2) 390 374 371 2.99 2.36 2.46
3 2a (–N(CH3)2) 394 394 389 3.08 2.50 4.61
4 2b (–H) 360 350 350 3.94 4.11 3.89
5 2c (–NO2) 374 365 366 3.71 3.40 3.15

Relative polarity values from Reichardt and Welton [35]: aMeOH = 0.762; bMeCN = 0.460; cEtOAc = 0.228.
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any of these solvents. Decay kinetics for all compounds were fitted 
considering a monoexponential profile, and the good correlation in
dicates the occurrence of a unimolecular process.

As presented in Fig. 2-A, 2-B, and 2-C, the transient decay profiles of 
compound 1a are accompanied by transient absorption spectra dis
playing only the band originating from the recovery of ground-state S0- 
S1 absorption. However, the absence of a transient absorption band for 
1a does not imply the absence of species in the excited state, especially 
when decay profiles (inserted graphs in Fig. 2A-C) were registered and a 
visible recovery of the S0-S1 band over time is observed. In fact, nitro- 
aromatic compounds are known for having many closely packed π-π* 
and n-π* electronic excited states with different multiplicities that favor 
intersystem crossing (ISC), and result in efficient triplet formation (large 
ISC rate constant, kISC) [36,37]. However, despite favoring the ISC, the 
presence of the -NO2 group can also increase the rates of deactivation 
processes, due to the vibrational modes of the nitro group. Higher 
deactivation rates (kd) lead to a lower chance of ISC occurrence, so the 
triplet signal becomes less intense [37].

On the other hand, the transient spectrum of compound 1b (Fig. 2-D, 
2-E, and 2-F) recorded at different times after the laser pulse exhibited a 
broad band at wavelengths above 550 nm, attributed to a transient 
absorption process. Furthermore, in MeOH and MeCN (Fig. 2-D and 2- 
E), this compound exhibited two regions of negative ΔA values, 
approximately between 330 and 450 nm and at 500 nm, corresponding 

to the S0-S1 absorption and to the S1-S0 emission processes, respectively. 
Meanwhile, only the band at shorter wavelengths is observed in EtOAc 
(Fig. 2-F). Similar to 1b, compounds 2a and 2b exhibited a broad 
transient absorption band above 550 nm, along with two negative bands 
derived from the ground-state absorption and S1 excited-state emission 
processes. However, in comparison to 1b, compound 2a only featured a 
transient decay profile in MeOH and EtOAc (Fig. 3-A and 3-B), while 
compound 2b only presented a decay profile in MeOH (Fig. 3-C).

It is known that the intersystem crossing (ISC) process for chalcones 
is highly efficient; thus, it is expected that the population of the triplet 
excited states Tnπ* and Tππ*, typical of the enone group [7,8], would be 
readily observed. The transient maximum absorption wavelengths (λT− T

max 
values in bold) in Table 2 shows that the higher the electron donor 
ability of the substituent and the number of conjugated π bonds, the 
longer the λT− T

max of the transient band. Such an observation corroborates 
the work of Plotnikov [8], which demonstrated how the conjugated 
bond chain length and the presence/position of electron-donor/acceptor 
substituents can influence the arrangement of the states Sππ*, Snπ*, Tππ*, 
and Tnπ*. Additionally, Plotinikov’s work highlighted the effect of 
hydrogen bonds and the potential formation of complexes with protic 
solvents on the arrangement of the ππ* and nπ* states. Regarding the 
influence of the solvent, our present work registered a bathochromic 
shift for aminochalcone 1b as the solvent polarity increased, following 
the order λT− T

max (EtOAc) = 575 nm < λT− T
max (MeCN) = 610 nm < λT− T

max 

A

A
x

x

x

x

A

A

A

A

AA

A

A

A

A

Fig. 2. Transient absorption spectra of 1a and 1b acquired at different times after the laser pulse in MeOH, MeCN, and EtOAc; Insert: decay plot for the transient 
generated from 1a monitored at A) λMeOH = 440 nm [3 × 10− 5 M], B) λMeCN = 430 nm [3 × 10− 5 M], C) λEtOAc = 430 nm, [5 × 10− 5 M], and from 1b monitored at D) 
λMeOH = 650 nm [1.5 × 10− 5 M], E) λMeCN = 610 nm [1.5 × 10− 5 M], F) λEtOAc = 600 nm, [2 × 10− 5 M].
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(MeOH) = 650 nm. Such behavior indicates stabilization of the excited 
state as the polarity and protic character of the solvents increase (from 
EtOAc to MeOH), thereby reducing the energy required for the transi
tion. Finally, the susceptibility of this transient band to the substituent 
electronic effect, the polar/protic character of the medium, and the 
registered lifetime (τ) values—which will be better discussed 
ahead—suggest that this transient formation might be associated with 
the population of a Tππ* excited state [8,38].

Due to the ultrashort lifetime of the transient species, common triplet 
quenchers such as O₂ proved ineffective under our experimental con
ditions. Thus, to aid understanding of triplet formation in these com
pounds, a Density Functional Theory (DFT) study was carried out, using 
time-dependent DFT (TD-DFT) to calculate the absorption spectra. The 
theoretical calculations showed good agreement with the experimental 
observations for compounds 1b, 2a, and 2b. For the nitro-substituted 
compounds 1a and 2c, due to the presence of the -NO2 group and the 
complexity of its excited-state processes, TD-DFT calculations were less 
effective. The triplet absorption spectra calculated for chalcones 1a,b, 

and 2a-c are presented in Supp. Table S1-S15. As a representative 
example of the behavior observed for 1b, 2a, and 2b, the theoretical 
triplet absorption spectrum of 1b in MeOH is exhibited in Fig. 4A. As can 
be observed, a very strong transition appears at 413.3 nm (fosc = 1.235) 
and corresponds to the T0-1A → T1-1A process. This transition is followed 
by much less intense ones at shorter wavelengths. The analysis of the 
Jablonski diagram (Fig. 4B) and the contour plots of the natural tran
sition orbitals (NTO) (Fig. 4C)—which present a significant change in 
symmetry from HOLE S1 to PARTICLE T3—indicates the viability of the 
intersystem crossing. The calculated value of ΔEISC for compound 1b is 
~3 kJ/mol. This value can be larger depending on the compound, for 
example, for iminochalcone 2a, in MeOH, ΔEISC ≈ 48,4 kJ/mol as 
calculated from the Jablonski diagram in Fig. 4D.

Although no direct experimental confirmation of a triplet excited 
state was achieved for chalcones 1a,b, and 2a,b, several pieces of in
direct evidence support this assignment. First, the transient species 
observed by laser flash photolysis exhibit lifetimes in the nanosecond 
range (Table 2), which, although relatively short, are consistent with 
triplet states of conjugated enones, particularly in systems where effi
cient non-radiative deactivation or intersystem crossing pathways are 
operative. Similar short-lived triplet transients have been reported for 
structurally related compounds in the literature [39]. Additionally, the 
triplet-triplet absorption band for the chalcones shows notable sensi
tivity to solvent polarity and electronic substituents on the aromatic 
rings. This solvatochromic behavior is characteristic of π-π* triplet states 
(Tππ*) with significant electronic delocalization, whose energy and dis
tribution are perturbed by the local environment [8]. Furthermore, 
fluorescence measurements revealed very weak emission signals [17], 
suggesting that deactivation from the singlet excited state is inefficient 
and that ISC is likely the dominant relaxation pathway, as is typical for 
α,β-unsaturated carbonyl systems [7]. Finally, the photophysical 
behavior observed for these chalcones closely parallels that of other 
chalcone-type molecules, for which triplet excited states have been 
experimentally confirmed using quenching studies or EPR spectroscopy 

A

A

A

A

A

A

Fig. 3. Transient absorption spectra acquired at different times after the laser 
pulse for 2a in A) MeOH, B) EtOAc, and for 2b in C) MeOH; Insert: decay plot 
for the transient generated upon irradiation of 2a at λMeOH = 670 nm [1.5 ×
10− 5 M], and λEtOAc = 670 nm, [1 × 10− 5 M], and of 2b at λMeOH = 650 nm [9 
× 10− 6 M].

Table 2 
Transient photophysical properties of compounds 1a,b, and 2a-c in solvents of 
different polarities.

Entry Compound Solventa λ (nm) τ (ns) 1/τ (s− 1)

1
1a (-NO2)

MeOH 440 9.5b 1.0 × 108

2 MeCN 430 9.1b 1.1 × 108

3 EtOAc 430 9.1b 1.1 × 108

4

1b (–NH2)

MeOH 650d 199.9 5.0 × 106

5 350 204.0 4.9 × 106c

6
MeCN

600d 190.6 5.3 × 106

7 330 83.2 1.2 × 106c

8
EtOAc

575d 65.4 1.5 × 107

9 320 167.9 6.0 × 106c

10

2a (–N(CH3)2)

MeOH
670d 105.7 9.5 × 106

11 525 241.3 4.1 × 106c

12 350 88.0 1.1 × 107c

13 MeCN – – –
14

EtOAc
670d 13.5b 7.4 × 107

15 525 83.0 1.2 × 107c

16 370 157.2 6.4 × 107c

17

2b (–H)
MeOH

650d 143.6 7.0 × 106

18 530 48.2 2.1 × 107c

19 350 104 9.6 × 106c

20 MeCN – – –
21 EtOAc – – –
22

2c (–NO2)
MeOH – – –

23 MeCN – – –
24 EtOAc – – –

a Relative polarity values from Reichardt and Welton [35]: MeOH = 0.762; 
MeCN = 0.460; EtOAc = 0.228.

b Lifetime values were calculated from the decay profile at 375 nm.
c Rate constants from the recovery processes.
d Transient maximum absorption wavelengths λT− T

max .
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[40]. Taken together, the experimental data, the TD-DFT calculations, 
and the analogy to structurally similar systems [39,40], provide 
compelling support for assigning the transient species of compounds 1a, 
b, and 2a,b to a triplet excited state.

As mentioned before, compounds 1a,b, and 2a,b exhibited transient 
lifetimes (τ) in the nanosecond range (Table 2). These values are very 
similar to those expected for the triplet excited state of chalcones [39]. 
Comparing the triplet lifetime of chalcones with those of other flavo
noids or aromatic ketones, it is easy to notice how chalcones differ from 
their similar compounds. While chalcones present triplet lifetimes in the 

order of nanoseconds, flavones and thioxanthones, for example, have 
these values in the range of microseconds to milliseconds [38,41]. 
Another interesting fact is that, although the electronic characteristics of 
the substituents attached to the main structure might not influence the 
triplet lifetimes, the solvent polarity greatly influences these values. 
Such behavior is observed for α,β-unsaturated ketones because these 
compounds, preferably, assume a twisted structure in the triplet excited 
state, as represented in Fig. 5. This is also why the ISC process of a 
chalcone molecule is often better understood when compared to those of 
biradicals or biradicaloid molecules [39].

Comparing the transient lifetimes observed for 2a and 2b in meth
anol (Table 2, entries 10 and 17), it is possible to notice that compound 
2a presented a smaller lifetime. Based on Caldwell and Singh’s work 
[39], one might also have expected that compound 2a should present a 
larger τ value than 1b due to the extension of its p-conjugated system 
and molecular rigidity. However, the opposite is observed here in both 
cases (see Table 2, entries 4 and 10, 8 and 14), suggesting the presence of 
competing pathways for 2a. Considering the structure and previously 
reported photophysical behavior of compound 2a, its smaller τ value 
may arise from the existence of a low-lying intramolecular charge- 
transfer state (ICT) that funnels energy away from its triplet state 
[17,34,42]. This hypothesis is supported by the absence of a transient 
decay for 2a in MeCN (Table 1, entry 8) and by the fact that in this 
solvent 2a presents dual fluorescence, with the more intense fluores
cence emission deriving from the ICT state; a characteristic that is not 
observed in MeOH [17].

The influence of the substituents is also reflected by the non- 

Fig. 4. A) Theoretical triplet absorption spectra of aminochalcone 1b in MeOH; B) Jablonski diagram calculated for aminochalcone 1b in MeOH; C) Natural 
Transition Orbitals (NTO) of S1 and T3 states simulated for aminochalcone 1b; D) Jablonski diagram calculated for iminochalcone 2a.

Fig. 5. Representation of the twisted structure for chalcone triplets.

B.A. Riga-Rocha et al.                                                                                                                                                                                                                         Journal of Photochemistry & Photobiology, A: Chemistry 474 (2026) 117005 

6 



detection of transient decay for 2c and in the significant difference be
tween the transient lifetimes of 1a and 1b (Table 2, entries 1–3 and 4, 6, 
and 8). These results are related to the fact that p-nitro substituted 
compounds are less prone to populate triplet states and frequently pre
sent lifetimes that fall into the sub-nanosecond time domain due to 
enhanced non-radiative decay [37,43]. The rotation around the bond 
between the nitro group and the aromatic ring can lead to conical in
tersections between the excited and ground states, providing non- 
radiative pathways for efficient internal conversion (IC) [37]. Conse
quently, the behavior observed for the nitro-substituted compounds 2c 
and 1a corroborates what is presented in the literature for this class of 
compounds.

Different from the nitro derivatives, the para-dimethylamine- 
substituted chalcones, like compound 1b, tend to present larger tran
sient lifetimes due to the possibility of forming the lowest triplet state 
that is more planar around the Cα = Cβ double bond, featuring elevated 
charge transfer character [39].

Considering electronic and solvation effects, it was observed that the 
transient lifetime for 1b and 2a in MeOH is longer than that registered 
for the same compounds in MeCN or EtOAc, which could be explained 
by the fact that MeOH, as a protic polar solvent, tends to solvate the 
dipolar structure of the chalcones more effectively in the excited state. A 
more efficient solvation leads to an increase in the rigidity of the 
molecule and, consequently, to larger lifetime values for the transient 
species [44].

3.2. Photochemical studies – kinetics and characterization

During the LFP investigations, a variation in intensity of the ground- 
state absorption bands of compound 2a was observed when comparing 
the UV–Vis spectra acquired before and after the laser pulses at 355 nm. 
To investigate the nature of the spectral changes, the UV–Vis absorption 
spectrum was registered at different time intervals to monitor spectral 
changes until the photostationary state was reached.

As shown in Fig. 6, under irradiation at 355 nm, the band at 390 nm, 
which is attributed to a mixed 1(πcinnamoyl-π*) and 1(nc=o-π*) transition, 
decreases at the same time as the band at 269 nm, assigned to the 1(πPh- 
π*) transition, increases. A slightly hypsochromic shift is observed for 
the band at 390 nm. In contrast, a more pronounced hypsochromic shift 
is observed for the band at 310 nm, attributed to a mixed 1(πbenzoyl-π*) 
and 1(πC=O-π*) transitions. These spectral changes give rise to an iso
sbestic point at 313 nm. These observations indicate that the imi
nochalcone 2a underwent a photoreaction under irradiation at 355 nm.

After identifying that an excited-state reaction was taking place for 

2a, all compounds were submitted to a photochemical study in which 
their solutions were irradiated with a continuous light beam at the λmax 
of the 1(π-π*) transition from >Cα = Cβ<, in MeOH, MeCN, and EtOAc.

Under irradiation, all compounds (1a,b, and 2a-c) exhibited spectral 
changes. In some cases, such as for chalcones 1a (Suppl. Fig. S1) and 1b 
(Suppl. Fig. S2), these changes were highly expressive, allowing us to 
study the reaction kinetics. Conversely, for iminochalcones 2a (Suppl. 
Fig. S3) in MeCN, and 2b (Suppl. Fig. S4) or 2c (Suppl. Fig. S5) in MeCN 
and EtOAc, the spectral changes were not significant enough, making it 
difficult to even determine whether the reaction occurred or not.

Under irradiation at their λmax, compounds 1a and 2a-c showed a 
decrease in intensity for the band associated with the π → π* transition 
(above 300 nm). This consumption was accompanied by a hypsochromic 
shift of the same band and/or its neighboring band at a lower wave
length (around 250–300 nm). Observations like these are often seen in 
molecules that experience a decrease in the extent of their π-conjuga
tion. Additionally, an intensity increase was observed for the band with 
the highest energy, leading to the appearance of an isosbestic point 
between this band and the π → π* band (~300 nm). Such spectral 
behavior, observed for compounds 1a and 2a-c, suggests that these 
molecules participate in a photoreaction that involves the >Cα = Cβ <

bond. It is worth mentioning that the spectral changes observed for these 
compounds were mainly irreversible. The samples did not revert to their 
original form, whether exposed to irradiation at the λmax of the inten
sified band or kept in the dark. The consumption of the main absorption 
band as a function of irradiation time is presented in terms of percentage 
of photoconversion. For all compounds, the percentage of photo
conversion was calculated using the equation: photoconversion (%) =
[(A0 − At) / A0] × 100, where A0 and At represent the absorbance at the 
λmax of the chalcones before starting irradiation and after each irradia
tion period, respectively. In Fig. 7 and Suppl. Fig. S2-S5, it is observed 
that the reaction undergone by compounds 1a,b, and and 2a-c exhibits 
an increase in photoconversion after the initial irradiation times, 
levelling off, eventually, into a plateau. All chalcones and imi
nochalcones presented a linear dependence of ln [(A0-A∞)/(At-A∞)] vs. 
irradiation time, indicating that 1a,b, and 2a-c underwent a photo
chemical reaction following first-order kinetics (inserted plots in Fig. 7
and Suppl. Fig. S2-S5). Table 3 summarizes the data from these 
photoreactions.

Apart from what was observed for compounds 1a and 2a-c, the 
aminochalcone 1b appeared to undergo two different photoreactions, 
depending on the solvent used in this study. In MeOH, 1b behaved 
similarly to the other compounds (Fig. 8A). However, in MeCN and 
EtOAc, 1b exhibited the consumption of the π → π* band (~370 nm) 
combined with an intensification of the band at 280 nm and the 
appearance of an isosbestic point around 300 nm (Fig. 8B and C). 
Another fundamental difference between 1b and the other compounds is 
the reversibility of their photoreaction in MeCN and EtOAc. Although 
reversibility by removing the irradiation light source has not been 
observed, the reaction was partially reverted by irradiating the solution 
at the λmax of the intensified band (280 nm). This reversibility study was 
carried out after 1b reached the photostationary state; the correspond
ing absorption spectra are shown in Suppl. Fig. S6.

Regarding the photochemistry of chalcone molecules, it is well 
known that the consumption of their main band in the 325–400 nm 
region (πcinnamoyl → π* and nc=o → π* transition) can be caused by two 
distinct photochemical reactions: [2π+2π] cycloaddition and/or E/Z- 
isomerization [45–49]. When a [2π+2π] photocycloaddition is consid
ered, the intensity decrease of the main band for chalcone molecules 
comes from the cleavage of the >Cα = Cβ < bond, followed by the for
mation of a cyclobutane ring. Once the double bond is broken, the 
π-conjugation of the chalcone molecule is reduced, frequently shifting 
the absorption maximum to a shorter wavelength. Beyond that, a 
gradual increase in the intensity for the band in the 200–250 nm region 
(πbenzoyl → π* and πC=O-π* transition) is also expected, leading to the 
appearance of an isosbestic point between this band and that around 

Fig. 6. UV–Vis absorption spectra of iminochalcone 2a in MeOH [1.5 × 10− 5 

M], recorded at different time intervals after irradiation with a continuous light 
beam at 355 nm.
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Fig. 7. Percentage of photoconversion vs. time and kinetic plot of ln [(A0-A∞)/(At-A∞)] vs. time (inserted) of 1a in MeOH [2.5 × 10− 5 M], MeCN [4 × 10− 5 M], and 
EtOAc [5 × 10− 5 M]. MeOH: λirr = 324 nm, MeCN and EtOAc: λirr = 324 nm.
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250–325 nm (πcinnamoyl → π* transition) [48–50].
On the other hand, when a chalcone molecule is involved in an E/Z- 

photoisomerization, the intensity decrease observed for the main band 
(around 400 nm) derives from the conversion of the E-isomer (trans-s-cis- 
or trans-s-trans-chalcone) into its Z-isomer (cis-s-cis-chalcone). In this 
case, the relative intensity of the ~325–400 and ~ 250–325 nm bands 
might change depending on the relative proportion between the 

isomers. When the most stable isomer (E-chalcone) is present in rela
tively higher concentration, the intensity of the band from the mixed 
πcinnamoyl → π* and nc=o → π* transition (~325–400 nm) is favored. 
However, an increase in the concentration of the less stable isomer (Z- 
chalcone) leads to an intensification of the band from the πcinnamoyl → π* 
transition (~250–325 nm) and the appearance of an isosbestic point 
[45,51–53]. Once a chalcone assumes the Z isomeric form, the proximity 
of its carbonyl oxygen and cinnamoyl aromatic ring reduces the 
planarity of the molecule due to repulsion effects. Nonetheless, the 
hypsochromic shift for the main band is subtle or even unnoticeable in 
this case, because there is no effective cleavage of the >Cα = Cβ < bond. 
Depending on the stability of the E/Z isomers, the back reaction from Z 
to E can occur via thermal relaxation [45]. However, there are cases in 
which this conversion does not occur naturally [53]. Under these cir
cumstances, irradiation of the sample at the maximum wavelength of 
the band around ~250–325 nm can provide enough energy for the Z → E 
isomerization to occur [6,54].

Considering the discussion above and the absorption spectra of all 
compounds, the [2π+2π] cycloaddition is inferred to be the main reac
tion observed for 1a and 2a-c. For compound 1b, this reaction is also 
observed, but only in MeOH. On the other hand, in MeCN and EtOAc, 
compound 1b appears to undergo E/Z-isomerization predominantly. To 
confirm the occurrence of these two reactions, chalcones 1a and 1b were 
chosen as the respective representatives from the plausible [2π+2π] 

Table 3 
Photoreaction data for compounds 1a,b, and 2a-c in different solvents.

Entry Compound Solvent λirr 

(nm)
Time 
(s)

Conv. 
(%)

kobs 

(10− 3 s− 1)
Φreaction (10− 4) or Q (L Mol− 1 cm− 1)b

1 1a (–NO2) MeOH 324 1875 33 4.07 4.22
2 MeCN 322 2450 40 4.01 6.12
3 EtOAc 322 2240 41 4.30 8.02
4 1b (–NH2) MeOH 390 3670 14 6.06 2.39

5 MeCN
374 
280

2681 
3785

32 
16

28.23 
5.13

25.31b

6 EtOAc 371 
280

1776 
1445

23 
11

17.43 
4.31

19.14b

7
2a (–N(CH3)2)

MeOH 393 8030 31 0.34 0.09
8 MeCN 393 5270 — a — a — a

9 EtOAc 389 6710 5 0.40 0.07
10

2b (–H)
MeOH 360 1740 13 7.47 1.33

11 MeCN 350 1800 — a — a — a

12 EtOAc 350 1800 — a — a — a

13
2c (-NO2)

MeOH 369 9480 13 0.20 0.05
14 MeCN 365 1800 — a — a — a

15 EtOAc 366 1800 — a — a — a

a At these conditions, either no reaction occurred or proceeded at low extension, which prevented the kinetic monitoring.
b Pseudo total quantum yield (Q = εZΦZ + εEΦE) [18], calculated for entries 5 and 6, considering the occurrence of a photochemical E/Z-isomerization.

Fig. 8. UV–Vis kinetic monitoring of the photoreaction of 1b in A) MeOH [1.5 × 10− 5 M], B) MeCN [1.5 × 10− 5 M], and C) EtOAc [1.5 × 10− 5 M]. MeOH: λirr = 390 
nm, MeCN: λirr = 374 nm, and EtOAc: λirr = 371 nm.

Table 4 
Photoreaction data of compounds 1a,b and 2a-c in DMSO.

Entry Compound λirr 

(nm)
Time 
(s)

Conv. 
(%)

kobs 

(10− 3 

s− 1)

Φreaction (10− 4) 
or Q (L Mol− 1 

cm− 1)

1 1a (–NO2) 335 2260 37 4.38 2.10

2 1b (–NH2)
400 
298

450 
975

30 
14

18.01 
6.02 19.03b

3
2a (–N 
(CH3)2)

406 1120 — a — a — a

4 2b (–H) 360 2140 — a — a — a

5 2c (–NO2) 377 1060 — a — a — a

a Under these conditions, either no reaction occurred, or it proceeded to a low 
extension, preventing kinetic monitoring.

b Pseudo total quantum yield (Q = εZΦZ + εEΦE) [18], calculated for 1b, 
considering the occurrence of a photochemical E/Z-isomerization.
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cycloaddition and E/Z-isomerization photoreactions. Then, a new irra
diation study was conducted, during which the 1H NMR spectra of the 
compounds were acquired before and after irradiating the samples. For 
the NMR measurements, the samples were irradiated for 30 min in 
DMSO‑d6 in quartz tubes using a photoreactor equipped with LEDs 
(λirr,1a = 365 and λirr,1b = 400 nm). On the other hand, for kinetic 
studies, the samples in DMSO were irradiated in quartz cells using a Hg 
(Xe) lamp (λirr,1a = 335 nm and λirr,1b = 400 and 298 nm, selected with a 
monochromator). This same experiment was conducted for the imi
nochalcones 2a-c; however, these compounds did not photoreact in 
DMSO (see Suppl. Fig. S7). In turn, chalcones 1a and 1b presented a 
linear dependence of ln [(A0-A∞)/(At-A∞)] vs. irradiation time, indi
cating that their photochemical reaction followed first-order kinetics. 
The results from the kinetic studies in DMSO are summarized in Table 4.

Upon steady-state irradiation of compounds 1a and 1b in DMSO 
(λirr,1a = 335 nm and λirr,1b = 400 nm), the formation of a [2π+2π] 
photocycloaddition product was observed for nitrochalcone 1a. In 
contrast, aminochalcone 1b underwent E/Z-photoisomerization. As 
presented in Fig. 9, UV–Vis monitoring of compound 1a irradiation 
showed the consumption of the band attributed to the >Cα = Cβ < bond 
(from the mixed πcinnamoyl → π* and nc=o → π* transition, at 335 nm), 
followed by a hypsochromic shift, suggesting the cleavage of the π bond 
and interruption of the conjugation. The photoconversion profile of 1a 

(Fig. 9) exhibited a rapid increase in conversion until 500 s, followed by 
a plateau. The linear fit of ln [(A0 – A∞)/(At – A∞)] vs. irradiation time 
agrees with a first-order kinetics model, with a rate constant (kobs) of 
4.38 × 10− 3 s− 1.

Aminochalcone 1b, in turn, showed the consumption of the >Cα =
Cβ < band (400 nm), accompanied by an intensity increase of the band 
assigned to πcinnamoyl → π* transition (298 nm), revealing an isosbestic 
point at 316 nm (Suppl. Fig. S8 A). Additionally, upon steady-state 
irradiation at 298 nm, 1b demonstrated, to some extent, the revers
ibility of the photoreaction. This reversibility was not due to a thermal 
process; it was achieved solely through a photochemical route. Upon 
irradiation at the maximum absorption wavelength of the πcinnamoyl → π* 
transition band (298 nm), this band presented a decrease in its intensity, 
followed by the intensification of the πcinnamoyl → π* and nc=o → π* 
absorption band (Suppl. Fig. S8B). Such observations suggest the 
occurrence of an E/Z-photoisomerization for 1b, followed by the return 
from Z to E, via photochemical reaction. For the forward reaction (E → 
Z), compound 1b exhibited a photoconversion profile (Fig. 10A) 
showing a rapid increase in conversion during the initial phase (until 
150 s), followed by a plateau, reaching the photostationary state at 30 % 
of photoconversion. Conversely, the analysis of the reverse reaction (Z 
→ E) (Fig. 10B) revealed a decrease in the photoconversion values with 
the appearance of a plateau after 300 s. Both forward and reverse 

Fig. 9. UV–Vis kinetic monitoring of the photoreaction of 1a [2 × 10− 5 M] (λirr = 335 nm), in DMSO. Left: absorption spectra acquired at different irradiation times. 
Right: respective percentage of photoconversion vs. time and kinetic plot of ln [(A0-A∞)/(At-A∞)] vs. time (inserted).

Fig. 10. Percentage of photoconversions vs. time and kinetic plot of ln [(A0-A∞)/(At-A∞)] vs. time (inserted) for the photoreaction of 1b [2 × 10− 5 M], in DMSO, A) 
irradiated at 400 nm and then B) irradiated at 298 nm.

B.A. Riga-Rocha et al.                                                                                                                                                                                                                         Journal of Photochemistry & Photobiology, A: Chemistry 474 (2026) 117005 

10 



reactions followed first-order kinetics, as evidenced by the linear rela
tionship between ln [(A0 – A∞)/(At – A∞)] vs. irradiation time, yielding 
rate constants of 18.01 × 10− 3 s− 1 and 6.02 × 10− 3 s− 1, respectively.

To aid in understanding the photochemical behavior of compounds 
1a and 1b, their photophysical characteristics were investigated by laser 
flash photolysis in DMSO. Unlike what was observed in other solvents, 
nitrochalcone 1a in DMSO did not show a transient decay profile. On the 
other hand, aminochalcone 1b, under these conditions, generated a 
transient species with the longest lifetime value among all the com
pounds (τ = 626 ns; 1/τ = 1.6 × 108 s− 1). The transient spectrum of 
compound 1b, presented in Fig. 11, depicts a broadband, indicative of 
the transient absorption process, with a maximum near 650 nm. Due to 
the very low signal intensity, only the spectrum acquired at 7.70 × 10− 2 

μs after the laser pulse is presented for this compound.
Considering the characteristics of the species in the excited state and 

the photochemical process presented by aminochalcone 1b, it is sug
gested that this compound undergoes an E/Z-photoisomerization 
following the two-way mechanistic path; which may proceed either by 
singlet or triplet states. Such an indication derives from the following 
observations: i) the transient lifetime falls in the range of nanoseconds, 
similarly to the triplet state of olefins that follow this mechanism; ii) the 
mixture of E- and Z-isomers in the composition of the photostationary 
state; and iii) the reversibility of the photoreaction, despite not restoring 
the initial composition. These characteristics differ from those expected 
for the adiabatic one-way photoisomerization; i) which proceeds solely 
on the triplet surface of species with lifetimes longer than nanoseconds, 
ii) presents a photostationary state formed predominantly by one com
pound, and iii) is not reversible, mainly by thermal means [14,15,55]. In 
this study, the reversibility from the Z- to the E-isomer was triggered by 
irradiation. The proposal of the two-way mechanistic path for 1b as
sumes that thermal relaxation (via singlet surface) was possible, even 
though it was not observed. Therefore, the need for irradiation to initiate 
the reverse isomerization reaction indicates that, although thermal 
relaxation is possible, room temperature alone cannot overcome the 
energy barrier between the two 1b-isomers, leading the photoreaction to 
proceed on the triplet surface [56].

Following the observation that compounds 1a and 1b exhibit 
[2π+2π] cycloaddition and E/Z-isomerization photoreactions under 
irradiation in DMSO, a 1H NMR spectroscopy analysis was conducted to 
investigate this behavior further. Due to experimental limitations, a 
photoreactor equipped with LEDs (Delpho Instruments) was utilized to 
irradiate the quartz NMR tubes, instead of the irradiation system (Oriel) 

used for quartz cells (see the Instrumental section for more details). 
Although the irradiation experiment did not reproduce the same con
ditions precisely, the reactions were investigated using the NMR tech
nique. The 1H NMR data for 1a and 1b are summarized in Table 5, and 
their spectra are presented in Suppl. Fig. S9 and S10.

Due to the structural changes undergone by chalcone molecules after 
isomerization processes or cleavage of the >Cα = Cβ< bond, the resulting 
species can be readily identified by 1H NMR spectroscopy through sig
nificant alterations in the hydrogen signals and the coupling constants 
(3JCHα=CHβ) corresponding to the Hα and Hβ pair. In the case of chalcones 
undergoing an E/Z-isomerization, before the reaction starts, the 1H NMR 
spectrum exhibits the signals of the vinylic Hα and Hβ at lower-frequency 
regions (higher ppm), due to greater deshielding of the nuclei resulting 
from efficient conjugation in the E isomeric form. However, upon the 
formation of the Z isomer, in which conjugation is reduced due to steric 
effects and decreased planarity, the shielding of the Hα and Hβ nuclei 
increases, and their signals shift to high-field regions (lower ppm). With 
this conformational change, the coupling constants, which range be
tween 14 and 18 Hz in the E isomer, decrease to values between 7 and 
12 Hz for the Z-isomer [57–59]. On the other hand, if the chalcones 
undergo a [2π+2π] cycloaddition reaction, the doublet signals arising 
from the vinylic hydrogens will be consumed and replaced by two new 
signals with chemical shifts between 3.5 and 5 ppm. The multiplicity 
pattern for these signals may vary depending on the type of cyclobutane 
formed. If the cyclobutane system is of the ε-truxillic type (anti-head-to- 
tail), the signals will correspond to triplets. For the α-truxillic (syn-head- 
to-tail) and δ-truxinic (anti-head-to-head) systems, the signals will 
resemble multiplets. Finally, if the resulting system is of the β-truxinic 
type (syn-head-to-head), the observed signal will correspond to a 
multiplet similar to a doublet of triplets [60,61].

Keeping these characteristics in mind and analyzing the hydrogen 
nuclear magnetic resonance spectra of chalcones 1a and 1b, it was 
possible to observe that the compounds exhibited only evidence of the 
E/Z-isomerization reaction. The 1H NMR spectra did not present the 
signals expected for the formation of a cyclobutane ring. Conversely, 
they displayed a shift to higher-frequency regions for the signals of all 

A

A

Fig. 11. Transient absorption spectrum of 1b acquired at 7.70 × 10− 2 μs after 
the laser pulse in DMSO; Insert: decay plot for the transient generated from 1b 
upon irradiation at λDMSO = 650 nm [2 × 10− 5 M].

Table 5 
Values of chemical shift and coupling constants for the 1H NMR spectra of 
chalcones 1a and 1b, before and after irradiation.

Compound Group Before irradiation After irradiation

Signal/δ 1H 
(ppm) (atom)

J 
(Hz)

Signal/δ 1H 
(ppm) (atom)

J 
(Hz)

1a (-NO2) meta-CH 
(PhOH)

d 6.88 (a) 9.0 d 6.82 (a) 9.0

α-CH d 7.71 (b) 15.6 d 6.98 (b) 12.8
β-CH d 8.07 (c) 15.2 d 7.05 (c) 12.8
ortho-CH 
(PhNO2)

d 8.10 (d) 9.0 d 7.54 (d) 9.0

ortho-CH 
(PhOH) d 8.12 (e) 9.0 d 8.81 (e) 9.0

meta-CH 
(PhNO2) d 8.24 (f) 9.0 —a —a

OH s 10.50 (g) – s 10.50 (g) –

1b (-NH2)

NH2 s 5.80 (a) – s 5.59 (a) –
meta-CH 
(PhNH2)

d 6.58 (b) 8.5 d 6.44 (b) 9.0

meta-CH 
(PhOH) d 6.85 (c) 8.5 d 6.81 (c) 8.5

α-CH d 7.50 (d) 15.50 d 6.45 (d) 13.00
ortho-CH 
(PhNH2)

d 7.52 (e) 8.5 d 7.44 (e) 8.5

β-CH d 7.54 (f) 15.50 d 6.70 (f) 13.00
ortho-CH 
(PhOH)

d 7.98 (g) 8.5 d 7.82 (g) 8.5

OH s 10.26 (h) – s 10.26 (h) –

a These nuclei signals were shifted to regions where a signal overlap occurred 
(possibly between 8.05 and 8.15 ppm), making it impossible to identify the 
doublet.
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hydrogens (except for the phenolic ones), indicating an increased nu
cleus shielding (Suppl. Fig. S9 and S10). Furthermore, the coupling 
constants for the Hα and Hβ signals, which initially presented values of 
15.6 and 15.5 Hz, for 1a and 1b, respectively, after the irradiation assay, 
changed to 12.8 and 13.0 Hz, confirming the formation of the Z-isomer 
in this assay.

These observations differ from what was expected based on the 
UV–Vis spectra from the irradiation experiments. The use of distinct 
irradiation systems, which vary either in the light source’s power output 
or in irradiance of the light source, may be the reason for the divergence 
in the type of reaction presented by compounds 1a and 1b under NMR 
analysis. Furthermore, whereas the Oriel irradiation system is equipped 
with an Hg(Xe) lamp and a monochromator, allowing the selection of 
the exact λmax for irradiation, the Delpho Instruments photoreactor has 
LEDs, which provide irradiation at specific, predefined wavelengths. 
Considering this aspect for compound 1b λmax = λirr = 400 nm did not 
cause any problem. However, for compound 1a λmax < λirr (335 nm <
365 nm), which means that the frequency used to irradiate, and 
consequently, the energy received for 1a, was inferior to that used in the 

first experiment. The [2π+2π] cycloaddition reaction requires more en
ergy to occur compared to the E/Z isomerization because it involves 
bond cleavage. Therefore, it is natural to expect that, if the necessary 
energy is not provided, this reaction does not take place. Hence, it is very 
plausible that, in the kinetic irradiation experiments, a photo
cycloaddition was indeed observed for nitrochalcone 1a. However, 
when 1a was irradiated in the photoreactor, photoisomerization was 
favored due to the equipment features, as observed in the 1H NMR 
spectrum. For generalization purposes, an illustration of the photore
actions is provided in Scheme 2.

4. Conclusions

Nitrochalcone 1a, aminochalcone 1b, and iminochalcones 2a, 2b, 
and 2c (p-substituted with –N(CH3)2, –H, and –NO2, respectively), 
had their transient photophysical, solvatochromic, and photochemical 
properties investigated. All compounds exhibited transient lifetimes in 
the 9–200 ns range, attributed to the triplet state, with a strong 
dependence on substituent effects. The short-lived species of compound 

E-isomer trans Z-isomer cis

Aminochalcone 1b
E-isomer trans

Aminochalcone 1b
Z-isomer cis

Nitrochalcone 1a Dimer of Nitrochalcone

Scheme 2. Illustration of the photoisomerization reaction observed for chalcones 1a and 1b after irradiating the samples using an Hg(Xe) lamp (at λ1a = 335 nm and 
λ1b = 400 nm) and LEDs (at λ1a = 365 nm and λ1b = 400 nm).
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2a, compared to compounds 1a and 2b, are associated with the exis
tence of an intramolecular charge-transfer state (ICT). The nitro moiety 
in compounds 2c and 1a led to dominant non-radiative decay processes. 
The largest transient lifetime was presented by 1b, due to its pronounced 
charge-transfer character. Solvent polarity also affected the photo
physical properties, especially for 1b, for which less polar solvents 
caused shorter λT− T

max , and τ values due to less effective stabilization of 
dipolar excited states and increased molecular flexibility. Photochem
ical reactivity was influenced by both the solvent and irradiation 
wavelength. Compounds 1a and 1b underwent photoreactions in MeOH, 
MeCN, and EtOAc; iminochalcone 2a reacted in MeOH and EtOAc, 
whereas 2b and 2c were photoreactive exclusively in MeOH. Under Hg 
(Xe) lamp irradiation, 1a presented spectral changes consistent with a 
[2π+2π] photocycloaddition, while 1b (in MeCN and EtOAc) underwent 
E/Z-photoisomerization. Under LED irradiation, both 1a and 1b were 
converted from E- to Z-isomer, as confirmed by 1H NMR spectroscopy.
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