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Three-photon-induced singlet excited-state
absorption for tunable ultrafast optical-limiting in
distyrylbenzene: a first-principles study
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The ground and first singlet excited state absorption in distyrylbenzene (DSB) is simulated based on
linear-response time dependent density functional theory (LR-TDDFT). It is found that distyrylbenzene
shows a strong reverse saturable absorption effect around the near-infrared range. Combining the
calculations of cubic response functions to simulate the three-photon absorption in distyrylbenzene, we
are able to show that distyrylbenzene is a promising ultrafast optical limiter for the light with
wavelengths around 775 nm. The primary mechanism for the optical limiting behavior can be well
understood by the three-photon induced excited state absorption (3PA-ESA). This result in that DSB has
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high transmittance for low-intensity ambient light levels and the ultrafast response of optical-limiting. In
addition, the limited optical window can be tuned by changing the length of the m-electron conjugated
structure. It was also discovered that the molecular aggregation has an inhibitory effect on the optical
limiting efficiency of distyryloenzene. The present results may serve as a theoretical guideline for the
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| Introduction

With the rapid development of pulsed intense laser sources,
products capable of protecting light-sensitive objects (such as
eyes and skin) are increasingly in demand.'” The materials
possessing optical-limiting (OL) properties are useful for laser
protection, which show a strong attenuation of light transmission
at high input intensities but have a very high transmittance for the
light at low input intensities. Accordingly, these materials can be
used to protect light-sensitive objects from the damage of intense
light radiation without a compromise of linear transmittance. The
investigations of optical-limiting materials have thus attracted
great attention from researchers in recent decades.*™

@ Anhui Province Key Laboratory of Optoelectric Materials Science and Technology,
Department of Physics, Anhui Normal University, Anhui, Wuhu 241000, China.
E-mail: xwsheng@mail.ahnu.edu.cn

b State Key Laboratory of Laser Interaction with Matter, Changchun Institute of
Optics, Fine Mechanics and Physics, Chinese Academy of Science, Changchun
130033, China

¢ School of Physics and Electronic Information, Gannan Normal University, Ganzhou
341000, China

1 Electronic supplementary information (ESI) available: 1. Multi-photon absorp-

tion of DSB simulated by different functionals (Table S1); 2. multi-photon

absorption of DSB derivatives simulated by BHandHLYP functional (Table S2);

3. Cartesian coordinates for the lowest energy configuration of DSB, DSB dimer

and DSB trimer in S, state (Table S3). See DOI: https://doi.org/10.1039/

d2cp01753a

16852 | Phys. Chem. Chem. Phys., 2022, 24,16852-16861

design of distyrylbenzene-based optical limiting materials.

It has been well known that reversed saturable absorption
(RSA) is one of the most important mechanisms for the optical-
limiting effect. Contrary to the saturable absorption (SA), the
absorption coefficient increases with increasing light intensity
in the RSA. RSA is a typical nonlinear absorption, which is due
to the absorption cross sections of the excited-state that are
larger than that of the ground state for the input light.">™®
Consequently, both ground and excited state absorption are
important for understanding optical-limiting effects.'” '

To date, most studies on optical-limiting properties were
based on the ultrafast transient absorption and Z-scan
experiment.”>?** Within these experiments, the ground and
the excited-state absorption (ESA) can both be obtained by
decomposing the transient spectrum.>*">” However, the inter-
pretation of such spectra can be difficult if these contributions
occur in the same energy window.’®?° In this context, the
theoretical investigations should play an important role to
model the ground and excited state absorption spectra.

In the first-principles calculations, the ground state absorption
(GSA) spectra are normally simulated by the linear-response time-
dependent density functional theory (LR-TDDFT). This method
has been widely used to investigate the GSA.>** However, the
ESA is much less explored. This is partly due to the fact that there
is no well developed theoretical method to calculate the ESA.
One usually relies on quadratic-response time-dependent density
functional theory (QR-TDDFT), in which the oscillator strength
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between two excited states is calculated from the double residues of
the quadraticresponse function at its poles.>**> However, the com-
putational cost is very expensive, scaling as N°, for large molecules.

To avoid the computational difficulty of the ESA based on
QR-TDDFT theory, several alternative methods for the ESA have
been proposed.”®*°™*" One of these methods is really appealing,
in which the auxiliary wave functions based on Casida’s ansatz
for the excited states were constructed from LR-TDDFT to
calculate the absorption spectra.’®*? This method has a similar
basic theoretical foundation with the SLR-TDDFT (second
linear-response time dependent functional theory) and the
sTD-DFT (simplified time-dependent density functional theory)
methods which were proposed by Mosquera et al.®”*® and
Wergifosse et al.,*® respectively. The validation of this method
has been well tested on the systems such as phthalocyanine,
distyrylbenzene and 3-methylthiophenes.*®***> One of the most
important advantages of this method over QR-TDDFT is that the
computational cost is scaling as only N*, which is much cheaper
compared with QR-TDDFT. It should also be mentioned that the
RT-TDDFT (real-time time-dependent density functional theory)
method for the ESA proposed by Fischer et al. allows N* scaling
when local functionals are used.”®**® These new methods make
theoretical investigations on the optical-limiting effects possible.

Optical-limiting effects have been observed in many organic
materials, in particular in molecules with the n-electron conjugated
system, such as phthalocyanine and its derivatives.'>'”>*%¢~8
Distyrylbenzene (DSB) also has the m-electron conjugated structure,
and the ground and excited-state absorption spectra were well
investigated by Oliveira et al. in theory and experiment.*® The
excited-state absorption of DSB was also investigated by the present
group.”® The previous experimental spectra reveal that the GSA and
the ESA of DSB occur at the wavelengths around the center 3.52 eV
(352.3 nm) and 1.67 eV (742.5 nm), respectively. This observation
indicates that there is a considerable gap between the main band of
the GSA and the ESA. Therefore, the RSA may happen in DSB for
the light with wavelengths around 1.67 eV, where the ESA is much
larger than the GSA. Then, it could be expected that DSB can be
used as the optical-limiting material. However, there are no
reported investigations on the optical-limiting properties of DSB
both in theory and experiment.

In the present paper, the ground and first singlet excited
state absorption in the distyrylbenzene (DSB) spectra are com-
bined to investigate its optical-limiting properties based on purely
theoretical calculations. The computation results indicate that
distyrylbenzene will show strong reverse saturable absorption for
the light with wavelengths around the near-infrared range. Com-
bining the multi-photon absorption simulations, it can be well
illustrated that distyrylbenzene is a promising ultrafast optical
limiter for the light with a wavelength of around 775 nm.

Il Methods and computational details

In the present paper, the simulations of the GSA are based on
the linear response time-dependent density functional theory
(LR-TDDFT). Then, a method derived from the LR-TDDFT is
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applied to calculate the ESA. The most important point in this
method is that the excited state wavefunction ¥; is constructed
as a linear combination of singly excited configurations with
the Kohn-Sham orbitals applied,

v =Y Clef. 1)

ia

Based on the Casida’s ansatz,*” the configuration inter-

action coefficients C** can be extracted from the solution of
the Casida equation:

b6 l)G) e

where the matrix elements of A and B are called the orbital
rotation Hessians, which are given by

Aiao,i’a’a’(g) = 5ii’5aa’6ao”wu’i’a” + I(iaa,i’u’a"(g) (3)
Biaa,i’a’a’(g) = Kiaa,i’a’a’(g)' (4)

Kiao,ia'o'(2) is the defined coupling-matrix elements. For details
of these equations, refer to ref. 42 and 43. It should be
emphasized that the configuration interaction coefficients
determined in this way make eqn (1) totally different from
the normal configuration interaction wavefunction with a
single excitation (CIS).*" It has been shown by us that the
wavefunction constructed in the form of eqn (1) is very good
for predicting the ESA, which is much better than the tradi-
tional CIS wavefunction.*® For details of this method refer to
ref. 40 and 45. The TDDFT based quadratic and cubic response
theories were used to simulate the multi-photon absorption.
The exchange correlation functional named BHandHLYP and
the basis set 6-311G(d,p) were used in the computations. The
validation of the used functional and basis set has been well
illustrated in our previous work,*>** where five different
exchange-correlation functionals with different percentages
of exact Hartree-Fock components have been checked. It was
shown that the functionals with roughly 50% of the HF com-
ponent are recommended, such as BHandHLYP. On the other
hand, the choice of BHandHLYP for the present investigated
system was also recommended by Oliveira et al.*

In order to compare with the experimental results, the
ground and first singlet excited state absorption spectra of
DSB are simulated in dioxane solvent with the polarizable
continuum model (PCM) applied.>® The absorption spectra
were obtained by using the calculated transition oscillator
strengths and the excitation energies broadened with the
Lorentzian function (FWHM = 0.4 eV). The Gaussian 09 package
was used to perform the geometry optimization of DSB.*® Based
on the geometry of the DSB monomer, 50 conformations to
each DSB oligomer generated by the Molclus program were pre-
optimized with the dispersion-corrected PM6(PM6-DH+)
method using the semi-empirical quantum chemistry
MOPAC2016 package.’®! Then, ten conformations with rela-
tively low energies and different geometries were screened out
and further optimized at the D3 dispersion corrected B3LYP
(B3LYP-D3(BJ)) level with the 6-311G(d,p) basis set through the
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Gaussian 09 package to obtain the stable conformations of DSB
oligomers. Then the structures for the DSB dimer and trimer
with the lowest energy were chosen to investigate the influences
of aggregation on the absorption spectra. A modified version of
the GAMESS (US) package was used to perform the simulations
of the GSA and the ESA in the present system.>” The Dalton
2018 program was used to do the quadratic and cubic response
calculations.”®”* The frontier molecular orbitals analysis, the
electron density difference between two singlet excited states,
the analysis of transition dipole moment vector contributed by
different DSB monomers and the analysis of the interfragment
charge transfer (IFCT) were done by the wavefunction analysis
program Multiwfn.>® The IFCT method estimates the amount
of electron transfer between two fragments by calculating the
contributions of the two fragments to the hole and electron,
respectively. For more discussion of the IFCT method, refer to
ref. 56. The electrostatic potential involved in the analyses was
evaluated by Multiwfn based on the highly effective algorithm
proposed in ref. 57. Finally, these calculations and analysis
results were visualized through the VMD package.>®

[1l Results and discussion

A. Ground state absorption, the first singlet excited-state
absorption and reverse saturable absorption in DSB

The structure optimization reveals that DSB has C,;, symmetry,
which is consistent with the previous result.?® The calculated
absorption spectra of the ground state (black dash-dotted line)
and first singlet excited state (blue dashed line) of DSB are
shown in Fig. 1. For comparison, the positions with prominent
absorption observed in the experiment are also shown in Fig. 1
(green vertical dashed lines).”® The present predicted peak
position of the GSA spectrum is 3.51 eV, which is in excellent
agreement with the experimental observation (3.52 eV). For the
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Fig. 1 Simulated absorption spectra of DSB in the ground state Sq (black
dash-dotted line) and first singlet excited state S; (blue dashed line). The
vertical dashed lines are the experimental results which are taken from
ref. 29. The red line is the relative absorbance which is defined as the
difference between the ESA and the GSA. A red curve with a value above
zero means that the ESA is greater than the GSA.
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peak position of the ESA spectrum, the present result is 1.60 eV,
which is only underestimated by 0.07 eV compared to the
experimental measurement at 1.67 eV.*> These observations
illustrate that the present theoretical method is very good for
the simulations of the GSA and the ESA in DSB.

Now let’s focus on the characteristics of electron excitations
in the GSA and the ESA. Most of the details are shown in Fig. 2.
For the GSA, it can be found from Fig. 2 that the main
transition is S, (1'A,) > S; (1'By), which can be well character-
ized by a single transition from the highest occupied to the
lowest unoccupied molecular orbital (HOMO — LUMO). The
electron density difference calculations as shown in Fig. 2
reveal that this is a local excitation. The electron excitations
occur mainly inside the three rings of benzene. These observa-
tions are perfectly in agreement with the previous results.”>>°
Both S; (1'B,) — S4 (3'Ag) and S (1'B,) — S, (4'A,) transitions
are important for the ESA as shown in Fig. 2. These two excited
states (S, and Se) cannot be characterized by a single configu-
ration. At least six configurations have to be included to
describe these excited-states. For the transition S; — S,, the
charge transfer characters can be observed as shown in Fig. 2.
Noticeable electron densities transfer to the green regions on
the central benzene ring and two double bonds from the blue
regions on the two edge benzene rings. However, this is not the
case for the transition S; — S, which is a local excitation just
as the transition S, — S; in the GSA. For a more elaborate
discussion about the electronic structures of the excited-states
involved in the GSA and ESA spectra we refer to ref. 29, where
the vibronic analysis was also performed to reveal the ESA
features.

The above determined GSA and ESA enable us to discuss
the RSA properties in DSB. As we have shown in the above
paragraph, the prominent absorption of the GSA and the ESA in
DSB is around 3.51 eV and 1.60 eV, respectively. This reveals
that there is a considerable gap (1.91 eV) between the main
bands of the GSA and the ESA in DSB. Fig. 1 also displays the
curve of relative absorbance (red solid line), which is defined as
the differences between the ESA and the GSA. It is clearly shown
that the ESA is greater than the GSA for the light with a
wavelength of around 775 nm (1.60 eV). Therefore, the present
theoretical calculations indicate that the reverse saturable
absorption (RSA) occurs for the light with wavelengths around
775 nm (1.60 eV).

B. Ultrafast optical-limiting effect in DSB

As we have shown in the above section, DSB shows reverse
saturable absorption for the light with a wavelength of around
775 nm. It should be mentioned that this effect can only be
activated when the electrons are promoted to the first singlet
excited state (S;) from the ground state (S,). However, 775 nm is
far away from the resonant absorption band 353 nm (3.51 eV) of
the GSA. The normal single photon absorption is not possible
to fit this requirement.

Fortunately, the previous investigations reveal that the
multi-photon absorption is also possible in DSB.**** Therefore,
we also performed the simulations of two-photon and three-
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Fig. 2 The left column displays the main transitions involved in the GSA and the ESA. The configurations of the excited-state involved in the GSA and the
ESA, which are shown in the middle column. The right column shows the electron density differences between the states involved in the transitions of the
GSA and the ESA. Blue and green regions show the decrease and increase of the electron density, respectively. The iso-surface value is fixed to 0.0002 A=>.

photon absorption in DSB for the lowest six singlet excited
states. The results are shown in Table 1. It is clearly shown that
the transitions from S, to the singlet excited-state S; and S; can
occur with quite a high transition probability through the
three-photon absorption for the wavelength 1025 nm
(1.21 eV) and 765 nm (1.62 eV). This indicates that the light
with wavelengths around 765 nm and 1025 nm can be absorbed
to promote the electrons from the ground state to the excited-
state S; or S;. The excited molecules in the state of S; have the
tendency to rapidly relax to the lowest vibrational sub-level of
the metastable state S; through the internal conversion and
vibrational relaxation. It has been shown in Fig. 1 that the light
with a wavelength of around 775 nm can also be absorbent by
DSB in the excited-state S;. Accordingly, the electrons excited to
the S, state through three-photon absorption will absorb one
more photon transition to higher levels. Here the molecules
decaying to the ground state S, from S; are neglected as we
assume that the pulse width of the laser is much shorter than
the relaxation time. As for the calculations of multi-photon
absorption, in addition to the presently discussed BHandHLYP,
we also checked two different exchange-correlation func-
tionals, B3LYP and CAM-B3LYP. The results are shown in the
ESIT (Table S1). It is expected that due to their different
percentage of exact Hartree-Fock components, the excitation
energies simulated by different functionals are different.
However, all of these results enable us to illustrate that the

optical limiting effect in DSB could be achieved through three-
photon induced excited state absorption (3PA-ESA).

With the above observations, an optical limiter based on the
three-photon induced excited state absorption can be designed
for the light with a wavelength of around 775 nm. A schematic
diagram for the optical limiter based on DSB is shown in Fig. 3.
This optical limiter is attractive because of the following
advantages. Firstly, it has a high linear transmittance for the
limited wavelength of 775 nm as it is far away from the
resonant absorption band of the GSA. For the light with
wavelengths around 775 nm, the DSB will strongly attenuate
intense optical beams while exhibiting high transmittance for
low-intensity ambient light levels. Secondly, the response time
toward ultrafast pulses is very short since the intersystem
crossing process is not needed (the intersystem crossing time
is usually in the nanosecond time scale®®). The response time of
the present discussed optical limiter is not limited to the
intersystem crossing, which only depends on the time of the
excited-state S; relax to the first singlet excited-state S;. This
process occurs usually in the picosecond time scale.® Thirdly,
the present theoretically predicted optical-limiting window for
DSB is around 775 nm, which is different from phthalocyanine
and its derivatives.*® It is noticed that the biological materials
and atmosphere have a low absorption coefficient at this
wavelength, therefore the light with this wavelength has many
potential applications in fields such as military, industry and

Table1l Excitation energy AE, 2PA energy Eopa,2PA transition probability d,pa,3PA energy Ezpa and 3PA transition probability dzpa for linear polarized light
of the lowest six singlet excited states of the DSB molecule in vacuum at the BHandHLYP/6-311G(d,p) level

AE Espa Jopa E3pp J3pa
State ev nm ev nm a. u. ev nm a. u.
S: (1'By) 3.64 340.66 1.82 681.32 0.00 1.21 1024.79 9.74 x 10°
S, (21Ag) 4.77 259.96 2.39 518.83 1.21 x 10° 1.59 779.87 0.00
S;3 (ZlBu) 4.85 255.67 2.43 510.29 0.00 1.62 765.43 2.46 x 10’
S4 (31Ag) 5.09 243.61 2.55 486.27 1.94 x 10° 1.70 729.41 0.00
Ss (31Bu) 5.12 242.19 2.56 484.38 0.00 1.71 725.15 6.99 x 10°
Se (4'Ay) 5.17 239.85 2.59 478.76 1.22 x 10° 1.72 720.93 0.00

This journal is © the Owner Societies 2022
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Fig. 3 The optical-limiting effect in DSB. The present theoretical calculations indicate that DSB can be a promising ultrafast optical limiter for the light
with a wavelength of around 775 nm. The mechanism can be well understood by three-photon-induced singlet excited-state absorption as shown in the

right column.

medical equipment.® It should also be mentioned that Sebastian
et al'” show that the substituted azaphthalocyanines and
pyrene-incorporated azaphthalocyanines also show the optical-
limiting effects for the femtosecond-scale laser (90 fs) pulses at
the near-infrared wavelength of 800 nm due to the two-photon-
induced singlet excited-state absorption.

C. Tunable optical-limiting effect in DSB

The optical-limiting window is a critical factor for the application
of optical-limiting materials.**® 1t is found that the optical-
limiting window also can be tuned by changing the length of the
n-electron conjugated structure. We designed four derivatives of
distyrylbenzene as shown in Fig. 4. These derivatives were
designed by reducing or increasing the m-electron conjugated
structure in distyrylbenzene named DSB-1,DSB + 1,DSB + 2 and
DSB + 3, respectively.

It is clearly shown in Fig. 4 that the GSA and the ESA can be
tuned smoothly by changing the length of the m-electron
conjugated structure. Increasing the length of the m-electron
conjugated structure in distyrylbenzene will result in a red shift
for both the GSA and the ESA. This shift becomes smaller and
smaller as the length of the m-electron conjugated structure
increases. As one can see, the red shift of DSB+3 corresponding
to DSB+2 is only 0.09 eV and 0.05 eV for the GSA and the ESA,
respectively. With the present investigated four derivatives of
DSB, it is found that the position with prominent absorption in
DSB can be tuned between 2.97 eV (417.5 nm) and 4.19 eV
(295.9 nm) for the GSA, and between 1.26 eV (984.1 nm) and
2.04 eV (607.8 nm) for the ESA. We also performed simulations
of 2PA and 3PA for these derivatives, which are listed in the
ESIt (Table S2). Both 2PA and 3PA are enhanced with increasing

16856 | Phys. Chem. Chem. Phys., 2022, 24, 16852-16861

conjugation length. Combined with the ESA spectra, it can be
seen that with the increase of conjugation length, their optical
limiting properties have a gradual red-shift. Consequently, the
optical-limiting window in DSB can be adjusted as required for
actual applications.

D. The influences of aggregation on the GSA and ESA spectra
and the optical-limiting Effect in DSB

Due to the planar structure and m-electron conjugated network
of DSB, the interaction between DSB monomers is prone to
occur, which in turn leads to aggregation.®® In particular in
organic solvents, the interaction between adjacent DSB mono-
mers is more likely to occur, resulting in coupling between
the electronic states of two or more monomers, which changes
the photophysical properties of DSB.®” In order to determine the
influences of aggregation on the photophysical properties of
DSB, we constructed the DSB dimer and trimer in dioxane
solvent, and compared their GSA and ESA spectra with the
results of the DSB monomer. The way to obtain the structures
of the DSB dimer and trimer was described in the Methods and
Computational section. The structures are shown in Fig. 5(a) and
the cartesian coordinates for the structures of these systems in
the ground state S, are listed in the ESIf (Table S3). The
calculated GSA and ESA of DSB and its dimer and trimer are
shown in Fig. 5(b). It is clearly shown that the aggregations
between DSB monomers result in a blue shift to the excited state
absorption, but a red shift to the ground state absorption.
Compared with the DSB monomer, the GSA peaks of the dimer
and trimer become stronger and wider. However, this is not the
case for the ESA. As one can see from Fig. 5, the ESA of the DSB
dimer has even been weakened compared with the ESA of the

This journal is © the Owner Societies 2022
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Fig. 4 The ground (Sp) and first singlet excited-state (S;) absorption in the DSB and its derivatives. (a) The derivatives of DSB are designed by reducing or
increasing the length of the n-electron conjugated structure. (b) The positions of the absorption peak for DSB and its derivatives in the ground state (So)
and the first singlet excited-state (S;). (c) The absorption spectra for DSB and its derivatives in the first singlet excited-state (S,). (d) The absorption spectra

for DSB and its derivatives in the ground state (So).

DSB monomer. This indicates that the molecular aggregation
has an inhibitory effect on the optical limiting efficiency of
distyrylbenzene.

These changes in the GSA and the ESA can be attributed to
the complicated coupling of electronic states between multiple
monomers. More details can be found from the analysis of the
transition dipole moment, which is one of the critical quantities
for the absorption spectra. We analyzed the contribution of each
monomer to the transition dipole moment corresponding to the
main transitions involved in the GSA and the ESA for the DSB
dimer and trimer. Regarding the main transitions in the GSA, the
transition dipole moments contributed by each monomer in the
DSB dimer or trimer are almost the same, which enhances
the absorption of the GSA with the increasing monomer number.
For the main transitions involved in the ESA, the contributions of
the transition dipole moment from different monomers are
different. There is one monomer in the DSB trimer that contri-
butes almost zero to the total transition dipole moment. Accord-
ingly, the strength of the ESA is not enhanced by the monomer
aggregation as we have shown in Fig. 6.

The differences in the electron excited characters among the
DSB monomer, dimer and trimer may also be expected. It has
been shown in Fig. 2 that the main transitions of the GSA for the
DSB monomer are local excitations. However, the charge transfer

This journal is © the Owner Societies 2022

character was found in the one of the main transitions of the ESA
for the DSB monomer. For the DSB dimer and trimer, the
electron density differences between the two states involved in
the main transitions of the GSA and the ESA are shown in Fig. 7.

As one can see from Fig. 7 (the upper two photos) the charge
excited characters of the main transitions in the GSA and the
ESA are similar to the DSB monomer for the DSB dimer. The
only difference is that the direction of the charge transfer in
the main transition of the ESA is from the center to one of the
edges in the DSB dimer. In the case of the DSB monomer
the charge transfer occurs from the center to the two edges. The
bottom two photos of Fig. 7 show the results for the DSB trimer,
which reveal that the electron excited characters in the GSA and
the ESA are both different from the monomer and dimer. The
charge transfer between DSB molecules can be observed for
both the GSA and the ESA. This may not be very clear from
Fig. 7 for the GSA. The numerical result based on the IFCT
analysis of the main transition (S, — S3) in the GSA reveals that
0.00791 electrons moved from the bottom two DSB molecules
to the top DSB. These observations confirm that there is
considerable coupling between the electronic states of the
two DSB monomers.

It should be mentioned that the aggregations of the DSB
monomer may restrain the optical-limiting effect in
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Fig. 5 (a) The structures of the DSB dimer and trimer. These structures are obtained based on the method described in the section named Methods and
computational details. (b). The ground (So) and first singlet excited-state (S;) absorption in the DSB and its dimer and trimer.
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Fig. 6 Transition dipole moment vector contributed by different DSB monomers. The red arrows represent the contribution of each monomer, and the green
arrows represent the total transition dipole moment vector of the entire system. The length of the cylindrical part of the arrow corresponds to the size of the
transition dipole moment contributed by the fragment, and the direction of the arrow indicates the direction of the transition dipole moment vector.

distyrylbenzene as we have shown in the above sections. A of molecular decoration can be done easily. Fig. 8 displays the
general strategy for this issue is that adding appropriate electrostatic potential map (EPM) of DSB. It is clearly shown
ligand groups to the molecules may effectively inhibit the the possible sites for nucleophilic attack localized over the
molecular aggregation. For the present system DSB, this kind hydrogen atom.
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Fig. 8 The electrostatic potential map of DSB calculated with the BHandHLYP/
6-311G(d,p) functional. The blue color indicates the maximum positive region
making the site favorable for a nucleophilic attack while the red color represents
the maximum negative region promoting the site for electrophilic attack.

IV Conclusions

In the present paper, the first-principles calculations based on
the linear-response theory were performed to simulate the
ground and the first singlet excited-state absorption in distyryl-
benzene. The results indicate that the reverse saturable absorp-
tion at wavelengths around 775 nm will occur in distyrylbenzene.
The calculations of 3PA by cubic response function reveal that
distyrylbenzene is a promising optical limiter for wavelengths
around 775 nm. It is also found that the optical-limiting window
can be tuned by changing the length of the n-electron conjugated
structure in distyrylbenzene. The high linear transmittance,
ultrafast response time, and the tunable optical windows are
among the advantages of the present predicted optical-limiting
material. By analyzing the changes between the simulated
ground and singlet excited-state absorption spectra of distyryl-
benzene and those of distyrylbenzene oligomers, it is found that
the aggregation effect, in particular n-n stacking, weakens the
optical limiting effect of distyrylbenzene.
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