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Abstract — Two long = conjugated asymmetric carbazole derivatives,
3-benzothiazolyl-6-(4-(4-methoxystyryl)-styryl)-9-butylcarbazole (M1) and
3-(4-(4-methoxystyryl)styryl)-9-butylcarbazole (M2), were synthesized and
characterized by FT-IR, 'H NMR and elemental analyses. Their linear
photophysical and two-photon absorption (TPA) properties were investigated by
UV-vis absorption, fluorescence emission spectra and the two-photon excited
fluorescence (TPEF) measurements in DMF, respectively. The results show that
both compounds have strong fluorescence emission and the fluorescence quantum
yield (®) of M2 (0.36) is higher than M1 (0.25), M1 exhibits larger TPA
cross-section (1538 GM) than M2 (564 GM) in the femtosecond regime, indicating

their potential applications as excellent optoelectronic material in optical field.

Fluorescent compounds with large two-photon absorption (TPA) crosssections have attracted much
attention because of their potential applications in the areas of optical power limiting, two-photon
microscopy, two-photon up-conversion laser, data storage, photodynamic therapy.! Vairous design ideas
had been put forward to enhancing TPA cross section (6tpa) of the molecular by changing donor (D) and
acceptor (A) symmetrically or asymmetrically with the m-conjugated group to form D-n-D, D-m-A,
D-n-A-n-D and A-n-D-n-A structures. Furthermore, research on structure-property relationship indicates
that the D or A strength, chain length, and planarity of the n-center have a great influence on the Stpa.2

Carbazole group with heterocyclic structure containing a nitrogen atom and a condensed ring with a
special rigid structure is a good fluorescence group. In recent years, carbazole derivatives have been
widely investigated in nonlinear optical (NLO) materials for their good coplanarity of the conjugated

system, strong intramolecular charge-transfer (ICT), excellent solubility, stability and the excellent
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hole-transporting capability.> These research results encourage us to develop new carbazole derivatives
for optical application. At present, mostly of the structural modification of the carbazole derivatives is
based on the 3, 6-position of the symmetric modification of small organic molecules, however, there are
few reported on the 3, 6-position asymmetric structural modification of the carbazole derivatives.?
Benzimidazole compounds are a particular class of heterocyclic compounds, which have great
significance in pharmaceutical chemistry. At the same time, benzothiazole moiety is an excellent acceptor,
by fixing the benzothiazole unit as an optimized acceptor, the change by a series of different donors or
n-bridges of the molecular structures may further optimize the NLO property of the compounds.®

Based on these above ideas, in this paper, we have synthesized two long m conjugated asymmetric
carbazole derivatives by Heck coupling reactions (Scheme 1). The only difference between the structure
of M1 and M2 is if the conjugated connection of benzothiazole group at 6-position of carbazole. Their
linear absorption, fluorescence and two-photon absorption properties were investigated. The results

demonstrated that the TPA cross sections of M1 increase with introduction of benzothiazole ring.

OMe

Scheme 1. The synthetic route of M1 and M2: (a) 4-Methoxy-4’-vinyl-1,2-stilbene, Pd(OAc)a,
triethylamine, DMF; (b) 4-Methoxystyrene, Pd(OAc)., triethylamine, DMF

The linear absorption and fluorescence spectral studies

The linear absorption and one-photon excited fluorescence (OPEF) of M1 and M2 are studied by UV—vis
absorption and photoluminescence emission spectra in DMF solutions. The absorption and emission
spectra for two compounds are shown in Figure 1 and the data are listed in Table 1. It can be seen from
Figure 1 that M1 exhibits one major absorption peak at about 388 nm, which is attributed to the extended
n-delocalization and the charge transfer type m-n* transition from the electron-donating methoxy to the
electron-accepting benzothiazole group. M2 has a shorter conjugation length (compared to M1) exhibits

an 8 nm blue shift absorption. The charge transfer absorption band of M1 and M2 strongly depends on the
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conjugation length.

As listed in Figure 1 and Table 1, M1 and M2 both exhibit strong photoluminescent band at 460 and 483
nm, respectively. The blue-shift of emission spectra of M1 is due to introduce the electron-accepting
benzothiazole moieties, which make M1 own D-n-A structures and has a high photoluminescence (PL)
emission ability. The single peak in the PL emission spectra manifests that the state responsible for the PL
emission is not the localized excited state but the ICT state. The different dipole moments of the ICT state
and the ground state lead to the shift in PL spectra. Similar phenomenon is also reported, respectively.>®
The fluorescence quantum yields (®) are measured in DMF using quinine sulfate (® = 0.55) as standard.”
The photophysical data are summarised in Table 1. From Table 1, we can be seen that the fluorescence
quantum yield of M2 (® = 0.36) is higher than that of M1 (® = 0.25). This difference of ® might be
happened during the process of exciton migration or might be due to the change of the molecular size.>
This result learly indicates that the interaction between donor and acceptor plays a significant role in

modulating planarity and photophysical properties.
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Figure 1. UV—vis spectra and fluorescence emission spectra of compound M1 (solid line) and compound
M2 (dash line) in DMF solution (concentration: 1.0 x107> mol L)

Two-photon absorption cross-sections (0tpa) of the samples were obtained by two-photon excited
fluorescence (TPEF) method at femtosecond laser pulse and Ti: sapphire system (680-1080 nm, 80 MHz,
140 fs) as the light source. The 8. value of reference was taken from the literature.” Two-photon
fluorescence spectra (TPEF) of M1 and M2 in DMF pumped by femtosecond laser pulses under different
pumped powers at their maximum excitation wavelengths were presented in Figure 2. The insets show
logarithmic plots of the fluorescence integral versus pumped powers with a slope of 2.02/2.03, with the

increase of the input laser power. Because no linear absorption was observed in the range from 475 nm to
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1000 nm, the emission excited by 680-780 nm laser wavelengths can be attributed to the TPEF

mechanism. As shown in Figure 3, M1 and M2 display TPA activity in the range of 680-780 nm in DMF,

and the optimal excitation wavelengths for the TPA cross-sections are 700 nm.

As shown in Figure 4 and Table 1, these two compounds display TPA activity in the range of 680-780

nm in DMF and the fluorescence peak of wavelengths were obviously red-shifted by 21-46 nm compared

to those of OPEF in DMF due to the reabsorption effect. For one-photon induced emission measurements,

we used dilute solutions (1 x 10 mol L), thus the reabsorption of the fluorescence within the samples

can be negligible. However, the reabsorption of the shorter wavelength fluorescence by the concentrated
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Figure 2. TPF spectra of compound M1 (a) and M2 (b) in DMF pumped by femtosecond laser pulses
under different pumped powers at their maximum excitation wavelength (inset: the logarithmic plots of
the fluorescence integral of chromophores versus different excitation intensities)
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Figure 3. TPA cross sections of M1 and M2 in DMF versus excitation wavelengths of identical energy of
0.5 w (experimental uncertainties: 10%)
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sample can no longer be neglected because in this case the concentration of solutions is high (1 x 10~ mol
L1). The results show that M2 without substitution at 6-position of carbazole with a Stpa of 564 GM,
while the substitution of benzothiazole group makes M1 possess larger otpa (1538 GM). As shown in
Figure 4, the intensities of TPEF of M1 and M2 exhibit the sequence of M2 < M1. These similarities
between TPEF and OPEF indicate that both the emissions for a given compound are from the same
excited state. It can be seen from Table 1, the dtpa increases obviously, it indicates that the increased
conjugated length led to enlarged dtpa and red shift in the UV absorption, which is consistent with the
experiment results. Therefore, the structure of substitution on carbazole molecules has an important effect
on their optical properties and this will provide some foundation for the structure design of emitting

molecules in future.
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Figure 4. The two-photon fluorescence spectra of M1 and M2 in DMF (c = 1x10 mol L") pumped by
femtosecond laser pulses at 500 mw at their maximum excitation wavelength

Table 1. The linear and two-photon absorption properties of compounds M1 and M2
Compound Ama®  €ma’ Ama® D¢ Ama® &
M1 388 9.53 460 0.25 506 1538
M2 380 531 483 036 504 564

@ Absorption peak position in nm (1.0 x 10~ mol L),

® Maximum molar absorbance in 10* mol™! L cm™.

¢ Peak position of OPEF in nm (1.0 x 103 mol L), excited at the absorption maximum.

4 Quantum yields determined by using quinine sulfate (1.0 x 10> mol L") as the standard.

¢ TPEF peak position in nm pumped by femtosecond laser pulses at 500 mw at their
maximum excitation wavelength.

fTPA cross section in GM.

In conclusion, two 7 long conjugated asymmetric compounds M1 and M2, which were based on

carbazole moiety with and without the attachment of benzothiazole group, have been synthesized and
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their optical properties were investigated. The results show that two compounds exhibited excellent
strong fluorescence emission and larger TPA cross-section, indicating their potential application excellent

optoelectronic material in optical field.

EXPERIMENTAL

Materials

Palladium (II) acetate, 4-methoxystyrene and triphenylphosphine were purchased from Aldrich.
Triethylamine and N, N-dimethylformamide were purified before use. 4-Methoxy—4’-vinyl-1,2-stilbene,
3-benzothiazolyl-6-iodo-9-butylcarbazole and 3-[(4-bromophenyl)-N-butyl]carbazole were synthesized
according to references.>1%

Characterization

The FT-IR spectrum was recorded with KBr pellets on a Nicolet 170 sx spectrometer. '"H NMR spectrum
was obtained on a Bruker AV-400 spectrometer at room temperature. Elemental analysis was determined
on an Elementar Vario EL III spectrometer. All spectral characterizations were carried out in HPLC-grade
solvents at 20 °C within a 10 mm quartz cell. UV-vis absorption spectra were recorded on a Shimadzu
UV-3600 spectrophotometer. Corrected steady-state excitation and emission spectra were recorded on a
Perkin Elmer LS-55 FL spectrophotometer. The excitation source for the TPEF experiments was a
mode-locked femtosecond Ti: Sapphire laser (Spectra-physics, 100 fs, 82 MHz) tuned to 720 nm. The
maximum average laser power available for these experiments was about 100 mW.

Synthesis of M1 and M2

The synthetic route of M1 and M2 is described in Scheme 1. To obtain target product M1, 0.50 g (1
mmol) 3-benzothiazolyl-6-i0do-9-butylcarbazole, 0.24 g (1 mmol) 4-methoxy-4’-vinyl-1,2-stilbene, 22.4
mg Pd(OAc): (0.1 mmol), 26.2 mg (0.10 mmol) PPh; were dissolved in 30 mL DMF. The mixture was
refluxed for 48 h under nitrogen. After cooling down to room temperature, the reaction solution was
dumped to water to precipitate the product. The crude product of M1 was purified by column
chromatography (Al2O3, EtOAc: petroleum ether = 1 : 2 as eluent) and dark yellowish green resultant
product was obtained in 57.6% yield. "TH NMR (400 MHz, CDCls) § (ppm): 8.88 (s, 1H, H*), 8.35 (s, 1H,
H'), 8.22 (d, J = 7.53 Hz, 1H, H'?), 8.08 (d, J = 8.70, 1H, H®), 7.93-7.83 (m, 2H, H'"), 7.70 (d, J = 8.28
Hz, 1H, H%), 7.59-7.35 (m, 9H, H>>7%131%) /7 31 (s, 1H, H'"), 7.20 (s, 1H, H'?), 7.08 (s, 1H, H'®), 7.02 (s,
1H, H'%), 6.91 (d, 2H, J = 7.78 Hz, H'®), 4.34 (t, 2H, -N-CH>-), 3.86 (s, 3H, Ar-OCH3), 1.91-1.87 (m, 2H,
-CH»-), 1.55-1.42 (m, 2H, -CH>-), 0.96 (t, 3H, CHz3-). Anal. Calcd for C4H34N20S: C 81.32; H 5.80; N
4.74; S, 5.43. Found C 81.25; H 5.84; N 4.68; S 5.41.

M2 was prepared as above from 3-[(4-bromophenyl)-N-butyl]carbazole and 4-methoxystyrene. The
precipitate was washed three times using EtOH to give yellow green powder in 75.4% yield. '"H NMR
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(400 MHz, CDCl5) § (ppm): 8.26 (s, 1H, H*), 8.15 (s, J = 7.6 Hz, 1H, H°), 7.70 (d, J = 8.4 Hz, 1H, H'),
7.55 (m, 4H, H'"%), 7.44 (m, 6H, H®*!!), 7.36 (d, 1H, J = 16.4 Hz, H'?), 7.20 (d, J = 7.8 Hz, 3H, H'>'"),
7.12 (d, J=7.2 Hz, 2H, H'%), 4.34 (t, J= 7.2 Hz, 2H, -N-CH>-), 3.86 (s, 3H, Ar-OCH3), 1.92~1.86 (m,
2H, -CHy-), 1.47~1.41 (m, 2H, -CH»-), 0.98 (t, 3H, CH3-). Anal. Calcd for C33H3NO: C, 86.61; H 6.83;
N 3.06. Found C 86.57; H 6.86; N 3.01.
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