
RSC Advances

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Ju

ly
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

/1
5/

20
25

 3
:2

4:
12

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue
The investigation
School of Physics and Information Eng

Measurement and Analysis of Shanxi Provi

030031, China. E-mail: bxl5630@mail.ustc

† These authors contributed equally to th

Cite this: RSC Adv., 2023, 13, 21746

Received 12th May 2023
Accepted 11th July 2023

DOI: 10.1039/d3ra03159d

rsc.li/rsc-advances

21746 | RSC Adv., 2023, 13, 21746–2
of the ultrafast excited state
deactivation mechanisms for coumarin 307 in
different solvents

Jing Ge,† Xue-Dong Zhang, † Zhi-Biao Li, Bing-Qian Xue and Xi-Lin Bai*

The intramolecular charge transfer (ICT) and twisted intramolecular charge transfer (TICT) processes of

coumarin 307 (C307) in different solvents were investigated by performing steady-state/time-resolved

transient absorption spectroscopic and steady-state photoluminescence spectroscopic characterizations

in combination with time-dependent density functional theoretical calculation (TDDFT). The study

unveiled the remarkable influence of solvent polarity and the strength of intermolecular hydrogen bonds

formed between the solutes and solvents on the relaxation dynamics of the electronic excited state.

Significantly, the emergence of the TICT state was observed in polar solvents, specifically

dimethylformamide (DMF) and dimethyl sulfoxidemethanol (DMSO), owing to their inherent polarity as

well as the enhanced intermolecular hydrogen bonding interactions. Interestingly, even in a weak polar

solvent such as methanol (MeOH), the TICT state was also observed due to the intensified hydrogen

bonding effects. Conversely, nonpolar solvents, exemplified by 1,4-dioxane (Diox), resulted in the

stabilization of the ICT state due to the augmented N–H/O hydrogen bonding interactions. The

experimental findings were corroborated by the computational calculations, thus ensuring the reliability

of the conclusions drawn. Furthermore, schematic diagrams were presented to illustrate the

mechanisms underlying the excited-state deactivation. Overall, this investigation contributes valuable

mechanistic insights and provides a comprehensive understanding of the photochemical and

photophysical properties exhibited by coumarin dyes.
1. Introduction

Twisted intramolecular charge transfer is a crucial process in
dye molecules with signicant implications for photochemical
and photophysical applications, such as solar storage, molec-
ular probes, and organic photovoltaics.1–5 As we know, the TICT
process can be affected signicantly by both intrinsic features
(i.e. electron donating ability, electron accepting ability,
connection mode, and spatial arrangement between the elec-
tron donor and electron acceptor) and the external factors.6–10

Intermolecular hydrogen bonds and the polarity of solvents as
external factors play a vital role in the formation of the TICT
state for dye molecules.11–14

The 7-aminocoumarin (7-NHEt) dyes, as a distinct subset
within the coumarin dye family, serve as a valuable model
system for investigating the dynamics of electronic excited
states,9,15–17 which exhibit signicant alterations in dipole
moment between the ground state and electronic excited states,
as well as substantial solvatochromic shis in steady-state
ineering, Key Laboratory of Spectral
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absorption and photoluminescence spectra, as reported in
previous studies.18–21 And the solvatochromic shis can be
associated with the ICT process from the electron donor amino
group to the electron acceptor carbonyl group.13,22,23 Dobek et al.
conducted a study illustrating the crucial impact of the
hydrogen bond between coumarin 102 and protic solvent on the
deactivation process of the dye's excited state. Additionally, they
highlighted that variations in the hydrogen bonding capacities
among coumarins with similar structures could result in
distinct photophysical properties across different states.14

Based on recent literature studies,24,25 there is compelling
evidence supporting that coumarin dyes possess large conju-
gated systems and excellent electron-donating capabilities,
thereby endowing them with signicant potential in terms of
non-linear optical (NLO) properties. Moreover, these dyes
exhibit promising prospects as p-bridges in dye-sensitized solar
cells, allowing for further enhancement of the cells' perfor-
mance. These potential applications provide vast prospects for
the utilization of coumarin dyes. And recently, Cong et al.
investigated the excited state dynamics of C500 using steady-
state and transient spectroscopy combing with time-
dependent density functional theory calculations.26 The
results from experimental data as well as theoretical analysis
indicated that the change of hydrogen bond may facilitate the
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://crossmark.crossref.org/dialog/?doi=10.1039/d3ra03159d&domain=pdf&date_stamp=2023-07-18
http://orcid.org/0009-0004-9854-7908
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03159d
https://rsc.66557.net/en/journals/journal/RA
https://rsc.66557.net/en/journals/journal/RA?issueid=RA013031


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
Ju

ly
 2

02
3.

 D
ow

nl
oa

de
d 

on
 1

/1
5/

20
25

 3
:2

4:
12

 P
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
ICT process and induce the formation of a TICT state in MeOH.
However, their discussion focused solely on the dynamics of the
electronically excited state in solvents with different hydrogen
bonding capacities, without addressing the inuence of solvent
polarity on the electronic excited state dynamics. Specically,
the impact of solvent polarity on the electronic excited state
dynamics remains unclear due to the comparable polarities of
Diox and MeOH. Thus, gaining a comprehensive insight into
the excited state dynamics of 7-aminocoumarin dye molecules
in distinct solvents with varying polarity scales is imperative.

Herein, we investigate the effect of solvent polarity and
intermolecular hydrogen bonds on the excited state dynamics
of C307, a typical 7-aminocoumarin dye. Our study involves
a series of solvents, including Diox, MeOH, DMF, and DMSO,
and utilizes steady-state/transient spectroscopy and theoretical
calculations to analyze the system.27–32 The results obtained
from steady-state/ultrafast transient absorption spectroscopy
and steady-state photoluminescence spectroscopy reveal the
signicant impact of strengthened hydrogen bonds and solvent
polarity on the excited state dynamics. A stable ICT state can be
formed in nonpolar solvents (i.e. Diox), while a TICT state can
be formed stably in weak polar solvents (i.e. MeOH) because of
strengthened hydrogen bonds at the position B and A and
weakened hydrogen bond at the position C, as well as in polar
solvents (i.e. DMF, and DMSO) because of the large dipole
moment of solvents. The lifetimes of the conversion from ICT to
TICT state are presented according to transient absorption
spectroscopy. Moreover, the frontier molecular orbitals of the
C307monomer and hydrogen bonded complexes are performed
to evaluate the ICT process. Also, the potential energy surfaces
(PESs) of C307 complexes are scanned to verify the formation of
the TICT state which aligns with the results of experiments. The
in-depth mechanistic understanding of excited state dynamics
can assist in photophysical and photochemical applications for
coumarin dyes.

2. Experiments
2.1. Experimental methods

C307 was purchased from Exciton Inc. (USA) and used without
further purication. The Diox, MeOH, DMF, and DMSO solvents
were spectrum pure quality reagents. The concentrations of
C307 in Diox, MeOH, DMF, and DMSO were 80 mM. The samples
were stored in a quartz cuvette with a light path length of 1 mm.

The steady-state absorption and photoluminescence (PL)
spectra were acquired using the FluoroMax+ uorescence
spectrometer from Horiba, employing the principle of single
photon counting. The excitation wavelength for the PL spec-
trum was determined by identifying the position of the stron-
gest absorption peak. The excitation wavelengths used were
based on the maximum absorption peak positions: 379 nm in
Diox, 394 nm in MeOH, 396 nm in DMF, and 405 nm in DMSO.

The femtosecond time-resolved transient spectroscopy
measurements were performed by a Transpec-FS pump–probe
system (Intelligent Scientic System) in combination with an
amplied Ti:sapphire laser system (Astrella, Coherent). The
pump pulse centered at 400 nm, which was generated according
© 2023 The Author(s). Published by the Royal Society of Chemistry
to an optical parametric amplier (TOPAS-Prime, Coherent) by
800 nm laser pump with a pulse duration of 35 fs from the
Coherent Ti:sapphire regenerative amplier. The white-light
continuum probe pulses (400–650 nm) were generated by
focusing the 800 nm beam onto a CaF2 crystal. The time delay
between the pump and probe pulses was controlled by
a motorized optical delay line extending to 4 ns. The temporal
and spectral proles of pump-induced absorbance change of
the white-light continuum probe pulses were registered by
a calibrated spectrometer (AvaSpec-ULS2048CL-EVO, Avantes).
All the TA measurements were performed under an atmo-
spheric environment.
2.2. Computational methods

The geometric optimizations of the C307 monomer and
hydrogen-bonded complexes in the ground state were per-
formed using DFT.33,34 The geometric optimizations, vertical
excitation energies, uorescence emission energies, oscillator
strengths, and the PESs of the rst electronically excited-state
for C307 monomer and hydrogen-bonded complexes were
investigated using TDDFT.35,36 Frequency checks were per-
formed for all optimized geometries. The Becke's three-
parameter and Lee–Yang–Parr hybrid functional (B3LYP) and
the TZVP basis sets were employed for all calculations unless
otherwise noted. The integral equation formalism version of the
polarizable continuum model (IEFPCM) was used to consider
the solvent effects.37,38 Based on the optimized molecular
structure of the ground state, the orbital energy values and
transition contributions of HOMO and the LUMO were calcu-
lated using the Mulliken population analysis. In addition, the
PESs of the S1 state were constructed to search for the TICT
state. Since CAM-B3LYP functional can accurately describe the
overall PESs in systems involving different amounts of charge
transfer, the range separated hybrid (RSH) DFT function CAM-
B3LYP was employed to calculate the PESs.39 All calculations
were performed using Gaussian 09.40
3. Results and discussion
3.1 Steady-state spectra and electronic excitation energy
calculations

The normalized steady-state absorption and photo-
luminescence (PL) spectra of C307 in corresponding solvents
are shown in Fig. 1. The absorption spectra reveal the broad
bands centered at 381 nm, 394 nm, 395 nm, and 398 nm for
C307 in Diox, MeOH, DMF, and DMSO, respectively. And the
emission peaks of C307 in Diox, MeOH, DMF, and DMSO
solvents locate at 458, 498, 490, and 496 nm, respectively. By
contrast with each other, the Stokes shis of C307 in MeOH,
DMF, and DMSO are 104 nm, 95 nm, and 98 nm which are
much larger than that of C307 in Diox (77 nm). The most
plausible explanation for these large Stokes shis is the redis-
tribution of the probability density of the excited state wave-
function upon photoexcitation, which can be attributed to the
presence of an electron donor (7-NHEt) and an electron
RSC Adv., 2023, 13, 21746–21753 | 21747
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Fig. 1 Normalized steady-state absorption (a) and fluorescence (b)
spectra of C307 in Diox, MeOH, DMF, and DMSO solvents.

Fig. 2 Schematic representation of the C307 molecular structure and
the hydrogen-bonded binding site.
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acceptor (CF3) in C307 molecules. The molecular structure of
C307 is depicted in Fig. 2.

Also, the electronic excitation energies and the corresponding
oscillator strengths obtained from the TDDFT calculations on
C307, C307–Diox, C307–MeOH, C307–DMF, and C307–DMSO in
the low-lying electronic excited states are presented in Table 1. It
can be seen that the S1 states of the hydrogen-bonded complexes
correspond to the maximum oscillator strength, and that means
the absorption maximums of the hydrogen-bonded complexes
are all located in the S1 state. In addition, the uorescence
Table 1 Calculated electronic excitation energies (nm) and correspon
monomer and hydrogen-bonded complexes with IEFPCM

C307 C307–Diox

S1 349 (0.3486) 382 (0.4556)
H / L 97.4% H / L 98.2%

S2 314 (0.0010) 318 (0.0140)
S3 285 (0.0021) 282 (0.0003)
S4 259 (0.0128) 277 (0.0010)
S5 245 (0.0571) 269 (0.0321)
S6 235 (0.0938) 249 (0.1389)

Table 2 Calculated fluorescence emission energies (nm) and correspon
complexes with IEFPCM

C307 C307–Diox

S1 424 (0.2534) 459 (0.3465)
S2 363 (0.0299) 363 (0.0510)
S3 302 (0.0034) 302 (0.0002)

21748 | RSC Adv., 2023, 13, 21746–21753
emission energies (nm) and corresponding oscillator strengths of
the C307 and hydrogen-bonded complexes were also presented in
Table 2. And the calculated results are commensurate with our
steady-state absorption and PL spectra presented above.
3.2 Transient absorption spectra

To further explore the effect of different solvents on the relaxa-
tion dynamics of the electronic excited state, the femtosecond
transient absorption (fs-TA) measurements of C307 in Diox,
MeOH, DMF, and DMSO solvents were carried out by photoex-
citation at 400 nm. Fig. 3 displays the TA spectra of C307 in Diox,
MeOH, DMF, and DMSO within 400–650 nm regions at the
indicated time delays. The TA positive signals can be assigned to
photo-induced absorption (PA), while the negative signals can be
due to stimulated emission (SE). As compared to the C307–Diox
complex, we observed a signicant broadening of the negative
signal band and a substantial red shi of the SE peaks in the
C307–MeOH, C307–DMF, and C307–DMSO complexes. These
ndings suggest the presence of intermolecular reorganization or
an intermediate state arising from the hydrogen-bonded inter-
actions between C307 and the solvent molecules.

Fig. 4 presents the TA kinetic traces recorded at 425 nm and
480 nm for all the hydrogen-bonded complexes. Using a global
analysis, the TA kinetics can be well tted by a triexponential
function for C307 in Diox: srise∼ 0.44 ps, s2∼ 103.48 ps, and s3 >
3.5 ns due to the limit of the delay line length. As is well known,
srise can be ascribed to a rapid formation of the ICT state, and
the following slower time constants can be ascribed to the
solvation process and uorescence emission process, respec-
tively.13 While the TA kinetics can be tted by four-time
constants for C307 in MeOH, DMF, and DMSO, as shown in
Table 3, respectively. Obviously, an additional early time
component emerges: s1 ∼ 9.42 ps for the C307–MeOH complex;
s1 ∼ 3.94 ps for the C307–DMF complex, and s1 ∼ 4.21 ps for the
C307–DMSO complex. According to the results above, the
ding oscillator strengths of the singlet excited states for the C307

C307–MeOH C307–DMF C307–DMSO

395 (0.4456) 399 (0.4642) 402 (0.4632)
H / L 98.2% H / L 98.3% H / L 98.3%
320 (0.0205) 321 (0.0219) 321 (0.0236)
271 (0.0332) 284 (0.0003) 305 (0.0003)
269 (0.0016) 272 (0.0408) 273 (0.0428)
253 (0.1605) 269 (0.0017) 268 (0.0015)
242 (0.0958) 258 (0.0027) 255 (0.1650)

ding oscillator strengths of the C307 monomer and hydrogen-bonded

C307–MeOH C307–DMF C307–DMSO

487 (0.5337) 492 (0.5325) 495 (0.5334)
359 (0.0514) 360 (0.0533) 361 (0.0565)
286 (0.0440) 302 (0.0006) 324 (0.0000)

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 Transient absorption spectra of C307 in Diox (a), MeOH (b),
DMF (c), and DMSO (d) solvents at indicated delay times.

Fig. 4 The TA kinetic traces and fitting curves of C307 in Diox (a),
MeOH (b), DMF (c), and DMSO (d) at wavelength 425 nm and 480 nm.

Table 3 Lifetimes of C307 in Diox, MeOH, DMF, and DMSO obtained
by global fitting

Solute Solvent srise (ps) s1 (ps) s2 (ps) s3 (ns)

C307 Diox 0.44 � 0.01 — 103.48 � 2.75 >3.5
MeOH 0.37 � 0.01 9.42 � 0.43 74.06 � 11.95 >3.5
DMF 0.31 � 0.01 3.94 � 0.15 72.60 � 9.15 >3.5
DMSO 0.23 � 0.01 4.21 � 0.18 178.88 � 24.23 >3.5

Fig. 5 Frontier molecular orbitals in the hydrogen-bonded complexes
C307–Diox, C307–MeOH, C307–DMF, and C307–DMSO.
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additional time can be associated with the red-shi of PL peaks,
which implied a transient ICT state converted into the twisted
intramolecular charge transfer state of C307 in polar solvents.
The results are consistent with the discussion below by scan-
ning the rst electronic excited state of the molecules.

Moreover, an obvious red shi accounting for the existence
of TICT states within early 20 ps time windows can be shown for
C307 in the polar solvents including MeOH, DMF, and DMSO,
in contrast to C307 in nonpolar solvent such as Diox.
© 2023 The Author(s). Published by the Royal Society of Chemistry
Essentially, these signicant spectral differences can be asso-
ciated with the hydrogen bonding interactions between C307
and solvents. Thus, the following quantum chemical calcula-
tions will reveal the underlying factors responsible for the
aforementioned phenomenon.
3.3 Quantum chemical calculation

Based on Table 1 presented above, one can see that the S1 state
which exhibits the largest oscillator strength corresponds to the
orbital transition from the highest occupied orbital (HOMO) to
the lowest unoccupied orbital (LUMO). To gain further insight
into the ICT process, the frontier molecular orbitals (FMOs) of
all the hydrogen-bonded complexes are exhibited in Fig. 5. The
electrons are mainly distributed on the le 7-NHEt group in the
HOMO and redistributed on the CF3 group in the LUMO, which
indicates that ICT occurs from the 7-NHEt group to the CF3
group in C307 complexes once the electrons populated from
HOMO to LUMO under photoexcitation. These ndings are in
excellent agreement with the results obtained from our analyses
by the steady-state/transient spectroscopy.

Besides, to explore the formation mechanism of TICT states,
the CAM-B3LYP functional and TZVP basis sets combining with
the SMD solvent model are utilized to calculate the potential
energy surfaces of C307 in different solvents. The gures of
relative energy of the S1 state for the hydrogen-bonded
complexes versus the dihedral angle (q) of the 7-NHEt group
relative to the benzene ring plane are shown in Fig. 6. The
relative S1 energy reaches its maximum at a certain angle and
reaches its minimum as the dihedral angle approaches 90° for
C307 in MeOH, DMF, and DMSO. However, the relative energy
of the S1 state of C307 in Diox increases monotonously with the
increment of the dihedral angle. The results imply that the
formation of TICT states for C307 is favored in weak polar
solvents (i.e. MeOH) and polar solvents (i.e. DMF, and DMSO),
which is consistent with our experimental results.

As is well known, hydrogen bond as a key factor can signif-
icantly affect the formation of the TICT state.26 In Fig. 2, the
C307 molecule exhibits three potential positions at which can
form hydrogen bonds as follows: C]O/H–O through carbonyl
oxygen (type A); N–H/O through amino hydrogen (type B); and
N/H–O through amino nitrogen (type C). Consequently,
hydrogen bonds can be formed at position B between C307 and
RSC Adv., 2023, 13, 21746–21753 | 21749
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Fig. 6 The potential energy surfaces of C307 in Diox (a), MeOH (b),
DMF (c), and DMSO (d) solvents at the S1 state.

Fig. 7 The optimized hydrogen-bond complex C307–Diox (a), C307–
MeOH (b), C307–DMF (c), and C307–DMSO (d) in the S0 state at the
B3LYP/TZVP/IEF-PCM level.

Fig. 8 The ESP maps of C307 (a), Diox (b), DMF (c), MeOH (d), and
DMSO (e) molecules.
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solvents including Diox, DMF, and DMSO, while three kinds of
hydrogen bonds can be formed at all positions for C307 in
MeOH. The optimized geometric congurations in the ground
state of all the hydrogen-bonded complexes are shown in Fig. 7.
The electrostatic potential (ESP) analysis provides an initial
assessment of the reactive sites within amolecule, including the
specic regions where intermolecular hydrogen bonds can form
and their corresponding interactions. Fig. 8 presents the elec-
trostatic potential diagram, which serves to further validate the
previously discussed ndings. And the lengths of the intermo-
lecular bonds in the ground state and excited state for all the
complexes are exhibited in Table 4. In the ground state, the
lengths of hydrogen bonds at position B are as follows: 2.045 Å,
1.998 Å, 1.973 Å, and 2.045 Å, while those in the ICT state are
21750 | RSC Adv., 2023, 13, 21746–21753
1.790 Å, 1.860 Å, 1.818 Å, and 1.873 Å for C307 in Diox, MeOH,
DMF, and DMSO, respectively. It indicates that the hydrogen
bonds N–H/O are strengthened in the ICT state. The excited
state hydrogen bond dynamics can also be observed from the
infrared spectrum of C307 monomer and complexes, as shown
in Table 5. It is worth noting that three kinds of hydrogen bonds
can be formed for C307 in MeOH at all positions, where the
length of the hydrogen bond C]O/H–O at position A was
1.892 Å in the ground state and 1.810 Å in the ICT state, while
the length of hydrogen bond N/H–O at position C was calcu-
lated to be 1.965 Å in the ground state and 3.560 Å in the ICT
state. Therefore, a possible explanation for the formation of the
TICT state in MeOH is that not only strengthened hydrogen
bonds at position B but also the hydrogen bonds at position A
and position C play a signicant role. And the detailed reasons
accounting for TICT in MeOH are as follows: the electron
density on the 7-NHEt group decreases under the photoexcita-
tion, and the hydrogen bond at position A/B strengthens
accompanied by the weakened hydrogen bond at position C,
which induce the twisting of 7-NHEt group leading to the
formation of TICT state. The ndings for C307 in MeOH are
consistent with the reports for C500 in MeOH by Cong et al.26

However, they suggested that the change of hydrogen bond
plays a vital role in the formation of the TICT state due to the
similar polarity of MeOH in contrast to Diox. Here, the existence
of the TICT state for C307 in DMF and DMSO allows us to
condently deduce that the polarity of solvents has
a pronounced inuence on the formation of the TICT state in
addition to the strengthened hydrogen bond, because the TICT
feature cannot occur for C307 in nonpolar Diox. The polarity of
the solvent not only plays a signicant role in stabilizing the
charge-separated TICT state but also inuences the ICT to TICT
mechanism by modifying the barrier height. In the case of
C307, it needs to overcome barrier heights of 0.11, 0.07, and
0.09 eV to access the TICT state in MeOH, DMF, and DMSO
solvents, respectively. However, the barrier height for C307 in
Diox continues to increase, making it impossible to surmount
© 2023 The Author(s). Published by the Royal Society of Chemistry

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d3ra03159d


Table 4 Bond lengths (Å) of the ground and excited states of C307 monomer and hydrogen-bonded complexes with four solvents

Molecule

C307 C307–Diox C307–MeOH C307–DMF C307–DMSO

S0 S1 S0 S1 S0 S1 S0 S1 S0 S1

C1–O1 1.202 1.212 1.208 1.221 1.214 1.230 1.214 1.230 1.214 1.231
N1–H1 1.012 1.011 1.016 1.023 1.017 1.026 1.019 1.029 1.021 1.032
Type A — — — — 1.892 1.810 — — — —
Type B — — 2.089 1.915 2.035 1.891 2.003 1.844 1.955 1.802
Type C — — — — 1.965 3.560 — — — —

Table 5 Infrared spectra of hydrogen bond formation sites (cm−1) of the C307monomer and hydrogen-bonded complexes in four solvents in S0
state and S1 state

Parameters C307 C307–Diox C307–MeOH C307–DMF C307–DMSO

S0 C1–O1 1805 1772 1737 1736 1734
N1–H1 3543 3484 3450 3418 3385

S1 C1–O1 1781 1753 1716 1716 1715
N1–H1 3580 3364 3318 3245 3187
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the energy barrier and form the TICT state. These observations
align with the results obtained from transient absorption
spectra, providing further evidence for the inuence of solvent
polarity on the excited-state dynamics of C307.41,42
3.4 Different excited state deactivation mechanisms of C307
hydrogen-bonded complexes

The deactivation mechanisms of the excited state for C307 in
both nonpolar and polar solvents have been proposed, and
schematic diagrams illustrating these mechanisms are exhibi-
ted in Fig. 9. Through analysis of the steady-state/transient
absorption spectra combining with PL spectra, signicant
hydrogen bonding effects are observed in different solvents. For
C307 in Diox, the maximum PL peak centered at 458 nm is
attributed to the formation of an ICT state within a lifetime of
approximately 0.44 ps, as illustrated in the le panel of Fig. 9.
However, the faster formation lifetimes of ICT states are
observed: srise ∼ 0.37 ps for C307 in MeOH; srise ∼ 0.31 ps for
C307 in DMF; and srise ∼ 0.23 ps for C307 in DMSO. Once in the
ICT state, the electron density decreases on the 7-NHEt group
with the increase in the strength of hydrogen bond N–H/O,
leading to the twisting of the 7-NHEt group and the formation of
Fig. 9 Schematic diagrams illustrating the excited-state deactivation
mechanisms for C307 in nonpolar (a), and polar (b) solvents.

© 2023 The Author(s). Published by the Royal Society of Chemistry
TICT state in weak polar and polar solvents. The formation
lifetimes of TICT states are ∼9.42 ps, ∼3.94 ps, and 4.21 ps in
C307–MeOH, C307–DMF, and C307–DMSO complexes, respec-
tively. Fluorescence is emitted immediately aer the TICT state,
and the duration of this process is typically in the nanosecond
range. The specic mechanism is depicted in the right panel of
Fig. 9.
4. Conclusions

In conclusion, we have interrogated the effect of hydrogen bond
and the polarity of solvent on the behavior of electronic excited
state in C307 systems which are dissolved in the distinct
solvents, employing steady-state photoluminescence spectros-
copy and steady-state/ultrafast transient absorption spectros-
copy combining with quantum chemical calculations. The
results obtained in this study clearly demonstrate the crucial
role of solvent polarity and intermolecular hydrogen bond
strength in determining the dynamics of the electronic excited
state. Specically, the formation of the TICT state was observed
in solvents such as MeOH, DMF, and DMSO, where the
strengthened hydrogen bonding interactions and inherent
solvent polarity promote this phenomenon. In contrast, in the
nonpolar solvent Diox, the strengthened hydrogen bonding
occurs exclusively at position B, resulting in a stable ICT state
with a lifetime exceeding 3.5 ns. Furthermore, global tting
analysis of the TA experiments revealed additional time
constants in the picosecond timescales, indicating the conver-
sion from an intermediate ICT state to a stable TICT state in
polar solvents. These experimental ndings are in line with the
results obtained from TDDFT calculations, providing further
support to the proposed deactivationmechanisms of the excited
state. The comprehensive understanding gained from the
combination of experimental and theoretical results strongly
validates the proposed deactivation mechanisms of the excited
state. This work signicantly contributes to the eld by
RSC Adv., 2023, 13, 21746–21753 | 21751
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providing insightful knowledge into the photochemistry and
photophysics of the C307 system in solvents with varying
polarity and hydrogen bonding characteristics, with a particular
emphasis on the dynamics of the excited state. Overall, this
research deepens our understanding of the excited-state
dynamics of C307 and offers valuable insights into the photo-
chemical and photophysical properties of this system in
solvents exhibiting distinct polarity and hydrogen bonding
behavior.
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