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Abstract

Organic molecules have been intensively studied during the last decades owing 

to their several photonics and biological applications. Among this material class, the 

fluorenes molecules present outstanding optical features, for instance, high values of 

two-photon absorption (2PA) cross-sections, visible transparency, and high 

fluorescence quantum yield. Also, it is possible to improve its nonlinear optical 

response by modifying its molecular structure. In this context, herein, we have 

synthesized V and Y-shaped branching oligofluorenes containing two and three fluorene 

moieties in each branch. Such a molecular strategy may exponentially enhance the 

nonlinear optical response due to the coherent coupling among the molecular arms. 

Thus, we combined the femtosecond Z-scan and white-light transient absorption 

spectroscopy (TAS) to understand the molecular structure and 2PA property 

relationship of branching oligofluorenes. The results show that there is a universal 

relationship between the 2PA cross-section and the effective π-electron number ( ) 𝑁𝑒𝑓𝑓

given by , which is independent of the molecular 𝜎2𝑃𝐴 (𝐺𝑀) =  (0.79 ±  0.03) 𝑁2
𝑒𝑓𝑓

shape (linear, V or Y-shaped). Therefore, the intramolecular charge transfer responsible 
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for the cooperative effect among the branches does not occur. This statement is 

corroborated by the femtosecond TAS technique.

I – Introduction
In the last two decades, branched π-conjugated molecules have been paid much 

attention to observing remarkable two-photon absorption (2PA) cross-section and high 

optical transparency in the visible spectral window.1-8 Together, these two features 

allow more efficient applications in several fields such as three-dimensional micro-

fabrication, 9-12 biological imaging,13 up-converted lasing,14 two-photon dynamic 

therapy15 and two-photon optical power limiting,16, 17 to name a few. Therefore, several 

molecular designs aiming to achieve exceptional 2PA values were overwhelmed 

studied.9, 10, 18-20 In this context, the best molecular strategy seems to be related to 

achieving the intramolecular cooperative effect, which allows maximum electronic 

coupling among the branches.3, 21-25 Thus, multipolar electronic effects can arise via 

intramolecular charge transfer (ICT), generating, in most cases, an exponential 

enhancement of the 2PA cross-section as a function of the molecular shape. Other 

molecular designs include increasing the π-conjugation length,26-31 adding electron-

withdrawing and acceptor groups onto the π-conjugated bridge,24, 32 modification from 

ortho to para or meta position groups,33  and so on, generating only dipolar effects. 

These molecular strategies usually increase the 2PA cross-section quadratically with the 

number of π-electron.3 

Another interesting optical feature of the branching strategy compared to the 

linear molecules is the possibility of increasing the nonlinear optical response while 

maintaining the high optical visible transparency.23, 25, 34 This is possible because the 

branching effect causes a slight red-shift due to the increase of π-electron compared to 

the linear π-conjugated molecules. In this context, π-conjugated branched oligofluorenes 

are probably the most promising nonlinear optical materials due to a rigid planar 

biphenyl unit and large π-electron delocalization.35, 36 Therefore, fluorene-based 

molecules have been studied within the nonlinear optical framework to understand the 

main path leading to its large 2PA cross-section. Thus, we can design new fluorene-

based molecules with maximum 2PA effectiveness in order to decrease the threshold 

irradiance necessary to develop organic photonic devices. For example, we recently 

investigated the 2PA cross-section of linear oligofluorenes over the number of effective 

electrons (Neff).29 Herein, the primary purpose is to understand the branching effect on 
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the 2PA features of oligofluorenes. For that, V-shaped (V-Bis and V-Tri) and Y-shaped 

(Y-Bis and Y-Tri) oligofluorenes34, 37 were investigated. Each oligofluorene has two and 

three fluorene moieties in each branch, as shown in Fig. 1. The 2PA spectra were 

collected from 460 – 800 nm employing the wavelength-tunable femtosecond Z-Scan 

technique. To unravel the molecular structure and 2PA properties relationship, we also 

studied the white-light femtosecond transient absorption spectroscopy (TAS) and the 

three-energy level model within the Sum-Over-State (SOS) framework. 

Figure 1 – Branching oligofluorenes molecular structures investigated.

II –Materials and Methods

II.1 Synthesis 

The molecules synthesis is exhibited in section 1 from support information (SI).
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II.2 Linear optical measurements

For linear optical measurements, the four oligofluorene molecules were 

dissolved in toluene in concentrations of about 10-6 mol/L. Fluorescence emission 

spectra were determined using a commercial F-7000 Hitachi fluorescence 

spectrophotometer and a 1 cm optical length quartz cuvette. Molar absorptivity 

coefficients were determined using a spectrophotometer Uv-vis Shimadzu 1800. 

II.3 Femtosecond Z-scan

It was employed an optical parametric amplifier (Topas, Light Conversion) 

pumped by a pulse of 775 nm and 150 fs of Ti:Sapphire CPA 2001 laser system (Clark, 

MXR) to perform an open-aperture Z-Scan technique. Through this technique, we were 

able to determine the 2PA cross-section spectra, for the four oligofluorenes, in a spectral 

range from 460 nm to 800 nm. Details on the experimental setup can be found in Ref. 

29. It is important to mention that we employed this technique owing to the ease and 

quickness of performing 2PA measurements. Moreover, data acquisition and analysis of 

results of that technique are performed quickly and substantially accurately, allowing us 

to obtain 2PA cross sections with experimental errors of around 10-15%.

II.4 Femtosecond white-light Transient absorption

The same laser system used in the Z-scan technique was employed for the 

femtosecond white-light transient absorption. The pump (387.5 nm) and probe (white-

light continuum) beams were obtained from a second-harmonic generation crystal 

(BBO) and a sapphire window (1 mm of thickness), respectively. A resolution of ~187.5 

fs is obtained, controlling the delay between pump and probe pulses through the high-

resolution translation stage. The time-resolved transient absorption spectra (ΔA) were 

monitored using a fast spectrometer. To avoid photobleaching, we used pump pulses 

with energy smaller than 1 μJ. Details on the experimental setup can be found in Refs. 
38, 39.

III – Results and discussion

All samples present one electronic band (S0 → S1, 1Ag-like → 1Bu-like) in the 

UV region (300 – 400 nm), as shown in Fig. 2. The molar absorptivity ( ) bands are 𝜀
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spectrally located at 344 nm, 359 nm, 347 nm, and 360 nm for V-Bis, V-Tri, Y-Bis, and 

Y-Tri, respectively, with values between  and . As one 2.0 3.3 ×  105 𝐿 𝑐𝑚 ―1 𝑚𝑜𝑙 ―1

can notice, the molecules with two fluorene moieties (V-Bis and Y-Bis) have a molar 

absorptivity band around 350 nm. In comparison, the molar absorptivity bands of 

molecules with three fluorene moieties (V-Tri and Y-Tri) are located around 360 nm. V- 

or Y-shaped molecules bearing the same number of fluorenes moieties present a similar 

absorption wavelength, while the introduction of a fluorene on each branch induces a 10 

nm absorption red-shift. Regarding molar absorptivity ratio values, it is noted that there 

is an increase of 1.25 for the V-shaped samples, or in other words, . In the 
𝜀𝑉𝑡𝑟𝑖

𝜀𝑉𝑏𝑖𝑠
= 1.25

same way, there is an increase of 1.47 regarding the Y-shaped molecules, . 
𝜀𝑌𝑡𝑟𝑖

𝜀𝑌𝑏𝑖𝑠
= 1.47

These results show that there is a very similar increase rate  values when passing from 𝜀

Bis to Tris molecules, in the case of V or Y shaped molecules. Also,  and 
𝜀𝑌𝑏𝑖𝑠

𝜀𝑉𝑏𝑖𝑠
= 1.10

𝜀𝑌𝑡𝑟𝑖

𝜀𝑉𝑡𝑟𝑖

, showing the same when passing from V to Y molecules, in the case of Bis or = 1.28

Tri. In this way, it may be helpful to analyze the linear and nonlinear optical properties 

as a function of the increase of π-electrons. So, using the concept of the effective 

number of electrons40 ( , in which  is the number of π-electrons), we can 𝑁𝑒𝑓𝑓 = ∑𝑛2
𝑖 𝑛

find out how the variation of optical properties is as a function of the .𝑁𝑒𝑓𝑓

Figure 2: One-photon absorption spectra (left axis – black lines), anisotropy (black circles, right-axis) 

factor r, and normalized fluorescence emission (red lines) for Y and V-shaped oligofluorenes.
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According to Ref.40, one can calculate the  and it was observed the 𝑁𝑒𝑓𝑓

following results: , , 𝑁𝑉𝐵𝑖𝑠
𝑒𝑓𝑓 = 4𝑥122 + 62≅25 𝑁𝑉𝑇𝑟𝑖

𝑒𝑓𝑓 = 6𝑥122 + 62≅30 𝑁𝑌𝐵𝑖𝑠
𝑒𝑓𝑓 =

 and . Considering the molar absorptivity 6𝑥122 + 62≅30 𝑁𝑌𝑇𝑟𝑖
𝑒𝑓𝑓 = 9𝑥122 + 62≅37

peak values (Table 1), we can observe that , 
𝜀𝑉𝑏𝑖𝑠

𝑁𝑉𝐵𝑖𝑠
𝑒𝑓𝑓

= 8.8 ×  103 𝐿 𝑐𝑚 ―1 𝑚𝑜𝑙 ―1 𝜀𝑉𝑡𝑟𝑖

𝑁𝑉𝑇𝑟𝑖
𝑒𝑓𝑓

=

, and 8.6 ×  103 𝐿 𝑐𝑚 ―1 𝑚𝑜𝑙 ―1 𝜀𝑌𝑏𝑖𝑠

𝑁𝑌𝐵𝑖𝑠
𝑒𝑓𝑓

= 7.5 ×  103 𝐿 𝑐𝑚 ―1 𝑚𝑜𝑙 ―1 𝜀𝑉𝑇𝑟𝑖

𝑁𝑌𝑇𝑟𝑖
𝑒𝑓𝑓

= 9.0 ×  103 𝐿 𝑐

, so, there is a contribution about  per .𝑚 ―1 𝑚𝑜𝑙 ―1 9.0 ×  103 𝐿 𝑐𝑚 ―1 𝑚𝑜𝑙 ―1 𝑁𝑒𝑓𝑓

The fluorescence emission, for all molecules, occurs at the UV-Vis region in a 

range from 360 – 520 nm, with a maximum of around 400 – 425 nm according to each 

molecule. The fluorescence quantum yield ( ) for all compounds dissolved in toluene 𝜙

was determined and results revealed that Y-Tri and V-Tri presented values of 14% and 

18%, respectively, as well Y-Bis and V-Bis presented values of 25% and 43%, 

respectively. The increase in  values of Bis-shaped could be understood owing to its 𝜙

more rigid structure supporting the radiative decays. More details about fluorescence 

quantum yield measurements can be seen in the Supporting Information. The Y-bis and 

Y-tris oligofluorenes fluorescence lifetimes ( ) can be found in Refs. 34, 37, while the 𝜏𝑓

time-resolved fluorescence curves for the V-Bis and V-Tri are in Supporting 

information. Table 1 depicts the fluorescence lifetime values for all oligofluorenes.

The splitting of the lowest-energy state, expected in these branched molecules,41 

is confirmed by the fluorescence anisotropy spectra (Fig. 2 – black circles) determined 

using the following equation:42  

𝑟(𝜆) =
𝐼𝑣𝑣 ― 𝐺𝐼𝑣ℎ

𝐼𝑣𝑣 + 2𝐺𝐼𝑣ℎ

(1)

 

in which  is the fluorescence excitation intensity spectra and  is the experimental 𝐼 𝐺

factor related to channels (excitation and emission) sensibility. The subscribed , , 𝑣𝑣 𝑣ℎ ℎ

 and  are the polarization excitation and emission channels with  = vertical and  = 𝑣, ℎℎ 𝑣 ℎ

horizontal. It is important to highlight that, to determine , the emission wavelength 𝑟(𝜆)

was fixed at around 430 nm, and the excitation wavelengths ranged from 290 – 400 nm. 

It is observed that the anisotropy spectra present a continuous change in a spectral range 

from 300 to 400 nm. Moreover, the anisotropy values shown inset of Figure 2 
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correspond to the ε maxima of each compound. Thus, we calculated the transition 

dipole moment from the ground to the first excited state (1Ag-like → 1Bu-like) using: 

𝜇1A𝑔→1𝐵𝑢 =
3 x 103ln (10)

8𝜋3

ℎ𝑐
𝑁𝐴

𝑛

𝐿2

1
𝜔1A𝑔→1𝐵𝑢

∫𝜀(𝜔)𝑑𝜔
(2)

in this equation,  represents the transition frequency from the ground to first 𝜔1A𝑔→1𝐵𝑢

excited state 1Ag-like → 1Bu-like. Also, , , , ,  , and  are Planck ℎ 𝑐 𝑛 𝑁𝐴  𝜔, 𝐿 ∫𝜀(𝜔)𝑑𝜔

constant, speed of light, solvent refractive index (toluene), Avogadro constant, photon 

frequency, Onsager local field factor ( ) and molar absorption area, 𝐿 =
3𝑛2

2𝑛2 + 1

respectively. In view of determine , was performed Gaussians decomposition ∫𝜀(𝜔)𝑑𝜔

(see Figure SI1 from Support Information). The values of , for each molecule, 𝜇1A𝑔→1𝐵𝑢

are presented in Table 1. Looking at  values, it is possible to see that: 𝜇1A𝑔→1𝐵𝑢

𝜇𝑉𝑇𝑟𝑖

𝜇𝑉𝐵𝑖𝑠

 and , so,  increases in the same rate for V and Y-shaped = 1.21
𝜇𝑌𝑇𝑟𝑖

𝜇𝑌𝐵𝑖𝑠
= 1.26 𝜇1A𝑔→1𝐵𝑢

oligofluorenes molecules, indicating that this spectroscopic parameter seems to be 

independent of molecular structure shape, as pointed out by the molar absorptivity 

results. It was also determined the  rate, according to the  of each 𝜇1A𝑔→1𝐵𝑢 𝑁𝑒𝑓𝑓

molecule, the results show that there is a contribution of about 0.5 D per  for all 𝑁𝑒𝑓𝑓

molecules:  D,  D,  D, 
𝜇

𝑉𝐵𝑖𝑠
1A𝑔→1𝐵𝑢

𝑁
𝑉𝐵𝑖𝑠
𝑒𝑓𝑓

=
13.5 𝐷
24.73 = 0.54

𝜇
𝑉𝑇𝑟𝑖
1A𝑔→1𝐵𝑢

𝑁
𝑉𝑇𝑟𝑖
𝑒𝑓𝑓

=
16.4 𝐷

30 = 0.54
𝜇

𝑌𝐵𝑖𝑠
1A𝑔→1𝐵𝑢

𝑁
𝑌𝐵𝑖𝑠
𝑒𝑓𝑓

=
15 𝐷
30 = 0.50

 D. Thus, the  of oligofluorenes follows a linear 
𝜇

𝑌𝑇𝑟𝑖
1A𝑔→1𝐵𝑢

𝑁
𝑌𝑇𝑟𝑖
𝑒𝑓𝑓

=
18.9 𝐷
36.49 = 0.51 𝜇1A𝑔→1𝐵𝑢

relationship with Neff, which is the same relationship found for linear oligofluorenes.29 

Table 1: Linear optical properties of studied branched oligofluorenes. Molar absorptivity ( ), fluorescence 𝜀
lifetime ( ), anisotropy (r) and  is the transition dipole moment (1Ag-like → 1Bu-like).𝜏𝑓 𝝁1A𝑔→1𝐵𝑢(𝑫)

 𝜀(𝟏𝟎𝟓𝑳𝒄𝒎 ―𝟏𝒎𝒐𝒍 ―𝟏) 𝝉𝒇 (𝒑𝒔)  (ε maxima)𝒓 𝝁1A𝑔→1𝐵𝑢(𝑫)

V-Bis 2.0 700 ± 100 0.15 ± 0.05 14 ± 1

V-Tri 2.6 700 ± 100 0.14 ± 0.04 16 ± 2

Y-Bis 2.2 50034 0.07 ± 0.02 15 ± 2
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Y-Tri 3.3 35034 0.08 ± 0.02 19 ± 2

Figure 3 depicts the 2PA spectra (see SI) for all molecules obtained through the 

wavelength-tunable femtosecond Z-scan technique. All samples present one intense 

2PA band in the visible region, which is attributed to the pure 2PA transition in 

fluorenes (1Ag-like →2Ag-like). Such electronic transition for both V-Tri and Y-Tri 

fluorenes exhibit 2PA peaks in higher wavelengths (around 600 nm) than V-Bis and Y-

Bis oligofluorenes, whose 2PA peaks are located around 580 nm. This feature may be 

explained by the increase in the π-conjugation length in Tri fluorenes. The  peak 𝜎2𝑃𝐴

values are for V-Bis (578 GM), V-Tri (721 GM), Y-Bis (612 GM), and Y-Tri (1018 

GM). For the same branch length, Y shape molecules present higher  values. We 𝜎2𝑃𝐴

have also observed a weak 2PA band (20-50 GM) in the 700 – 800 nm spectral region. 

This 2PA band is located in the same spectral region as the lowest-energy 1PA-allowed 

band. As the fluorene molecule has a plane symmetry (symmetry point group C2v),43 but 

does not present an inversion center, the 1PA allowed transition is weakly 2PA 

allowed.44 

1Ag-like→2Ag-like
1Ag-like→1Bu-like

Figure 3: 1PA spectra (black lines), 2PA cross-section (circles) for Y and V-shaped oligofluorenes. The 

shadow on the 2PA data corresponds to the standard deviation. The Z-Scan fittings are exhibited in Figure 

SI2 from support information. 
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The intermediate state resonance enhancement (ISRE) effect also was observed 

in the 2PA transitions for wavelengths lower than 520 nm. Such an effect is very 

pronounced as the excitation photon energy approaches the lowest-energy 1PA-allowed 

transition, which can lead to the 2PA double resonance.38 Also, the high excited-state 

absorption greatly influences this effect.45

Regarding the pure 2PA band (1Ag-like→2Ag-like), in Fig.4, we show the 2PA 

cross-section peak as a function of Neff for the linear (Tri, Penta, Hepta)29 and branching 

(V-Bis, V-Tri, Y-Bis, and Y-Tri) oligofluorenes. The solid and dashed lines in Fig. 4 

illustrate the quadratic and linear fitting used to model the nonlinear optical response. It 

is worth mentioning that we have put to zero the first and second-order coefficients in 

both fittings because the  implies necessarily . As can be seen, the 𝑁𝑒𝑓𝑓 = 0 𝜎2𝑃𝐴 = 0

best fitting was the quadratic function described by . 𝜎2𝑃𝐴 (𝐺𝑀) =  (0.79 ±  0.03)𝑁2
𝑒𝑓𝑓

Such behavior is characteristic of the organic structures with a strong dipolar character 

and a high degree of molecular symmetry. 3, 24 In general, in such a molecular system, 

the transition dipole moment is proportional to the square root of the Neff.40 Thus, the 

2PA cross section can be described approximately for the three-energy level system 

within the sum-over-states framework for centrosymmetric molecules.46 The inset in 

Fig. 4 illustrates the three-energy level system emphasizing the main energy levels 

involved in the 2PA-induced transitions in oligofluorenes. In this context,  is 𝜎2𝑃𝐴

proportional to the fourth power of the transition dipole moment. Consequently, a 

quadratic dependency is obtained between the 2PA cross section and the Neff. Therefore, 

these outcomes show that the 2PA cross-section for the 1Ag-like→2Ag-like transition in 

oligofluorenes is independent of the molecular shape (linear, V, or Y). 

To deeper understand such an interesting outcome, we performed the white-light 

femtosecond TAS. As mentioned, the electronic cooperative effect among the branches 

rises via intramolecular charge transfer (ICT) in branching molecules. The white-light 

femtosecond TAS is a powerful technique to probe the ultrafast dynamics such as ICT.2, 

47, 48 Figure 5 (a) illustrates TAS colormap representing time- and wavelength-resolved 

dynamics. The results show an excited-state absorption (ESA, ΔA > 0) band located at 

~705 nm for V-Bis and Y-Bis, while for V-Tris and Y-Tris the ESA band rises at ~750 

nm. This strong ESA (ωpump + ωprobe), observed by ultrafast TA, does not contribute to 

the 2PA band located at c.a. 600 nm. Alternatively, it corresponds to the enhancement 

effect region for wavelengths shorter than 520 nm.
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Figure 4: Relation between the 2PA cross-section and Neff for linear (Tri, Penta, and Heptafluorene) and 

branching (V-bis, V-Tris, Y-Bis, and Y-Tris) oligofluorenes. The inset shows the three-energy model 

employed to perform SOS analysis. 

Concerning the temporal dynamics, as shown in Figure 5 and in Supporting 

Information, the branching oligofluorenes did not present an ultrafast dynamic 

characteristic time of the coherent coupling among the branches (cooperative effect). 

ICT is generally responsible for the cooperative effect in branching molecules occurring 

in a timescale between 1 and 10 ps. As shown in SI, the time-domain TAS signal 

remains virtually constant during all delay times (~10 ps).2 Global Analysis of the data 

revealed that an instrument response function of ~ 1 ps FWHM convoluted with one 

exponential decay equal to the fluorescence lifetime (300 – 700 ps) is sufficient for 

explaining the TAS signal. Our outcomes thus show that this is the only dynamic related 

to the branching oligofluorenes. Therefore, the branching effect poorly influences the 

cross-section of the pure 2PA transition in oligofluorenes. 

As shown, the branching molecules present a dipolar character analogous to the 

linear oligofluorenes. In this case, we can shade more light on the 2PA properties and 

employ the three-energy model within the SOS approach to obtain information about 

Page 10 of 15Physical Chemistry Chemical Physics



11

the excited states for the branching oligofluorenes. Thus, 1Bu-like →2Ag-like transition 

dipole moment, , can be obtained directly from the pure 2PA transition |𝜇1B𝑢 →2A𝑔
|

located at 600 nm as follows:3,24,38,46 

|𝜇1B𝑢 →2A𝑔
|2 =

5
2

(𝑛ℎ𝑐)2

(2𝜋)5

1

𝐿4𝑅(𝜔,𝜔1A𝑔 →1B𝑢
) |𝜇1A𝑔→1𝐵𝑢 |2 

𝜋Γ2
1A𝑔 →2A𝑔

4log (2)
𝜎(2𝑃𝐴)

1A𝑔 →2A𝑔 (3)

in which  is the transition dipole moment between the ground and the first |𝜇1A𝑔→1𝐵𝑢 |
excited states (1Ag-like → 1Bu-like),  is the 2PA cross-section related to 1Ag-𝜎(2𝑃𝐴)

1A𝑔 →2A𝑔

like → 2Ag-like pure transition and 𝑅(𝜔,𝜔1A𝑔 →1B𝑢
) =

 is the resonance enhancement factor.  and 𝜔2 [(𝜔1A𝑔 →1B𝑢 ― 𝜔)2 + Γ2
1A𝑔 →1B𝑢] Γ1A𝑔 →1B𝑢 

are the full width at half maximum referred to the 1Ag-like → 1Bu-like (1PA Γ1A𝑔 →2A𝑔 

allowed) and 1Ag-like → 2Ag-like (2PA allowed) transitions, both obtained from Figure 

3, considering a Gaussian line-shaped for both 1PA and 2PA spectra.

(A) V-Bis (B) V-Tri

(C) Y-Bis (D) Y-Tri

ΔAΔA

Figure 5: Transient absorptions measurements for V and Y-shaped oligofluorenes.

Figure 6 illustrates the ground and excited-state dipole transition moment 

relationship for the linear and branching oligofluorenes. As noted, a constant value for 
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the ESA dipole moment is noticed for the branching molecules. Contrariwise, ESA 

intensity reduces as a function of the increase of fluorene moieties for linear 

oligofluorenes. These results indicate that a higher conformational disorder is induced 

in linear oligofluorenes, most probably, because of their larger conjugation length.49 

This spurious effect seems to be fixed through the branching mechanism. Nevertheless, 

the ESA dipole moment for the branching is smaller than linear oligofluorenes due to 

the absence of coherent coupling among the branches, as pointed out in the TAS.

Figure 6 – Comparison between the ground and excited-state transition dipole moment for the linear and 

branching oligofluorenes. All values were obtained using the SOS approach.

IV – FINAL REMARKS

Herein, we carefully studied the molecular structure and 2PA property 

relationship of branching oligofluorenes. We found a universal relation between the 

2PA cross-section and Neff, which follows a quadratic dependence described by 𝜎2𝑃𝐴

. These results show that the V and Y-shaped  (𝐺𝑀) =  (0.79 ±  0.03)𝑁2
𝑒𝑓𝑓

oligofluorenes have a dipolar character analogous to the linear oligofluorenes. Through 

the TAS measurements, we reported that the coherent coupling among the branches, 

which can enhance the 2PA, is not observed in these structures. All branching 

molecules present a benzene core, which may act as an electron-withdrawing or 

acceptor group, depending on the attached group. In our case, we have the fluorene 

molecule that acts as a π-conjugated bridge or can introduce a weak electron-accepting 
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character. Thus, (A-π-A)2 or (A-π-A)3 structures can be formed, but they do not 

generate a push-pull configuration that is vital to generating a robust cooperative effect.

Supporting Information

Support information includes the experimental results of absorption bands 

Gaussian decompositions, Femtosecond transient absorption, time-resolved 

fluorescence measurements, fluorescence quantum yields measurements, and Z-scan 

fittings.
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