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A series of new donor–p-acceptor type compounds with
trivalent boron as acceptor which show strong two-photon
excited up-conversion fluorescence have been synthesized
and one crystal structure described.

In a common molecular fluorescence process, excitation is
caused by the absorption of a single photon which has higher
energy compared to the molecular energy level. However, when
certain lasers are used as the pump source, some molecules can
simultaneously absorb two photons which have lower energy
individually, and then the emission of frequency up-converted
fluorescence may occur. This is known as two-photon excited
fluorescence (TPEF).1 Because of several advantages of two-
photon absorption (TPA) and TPEF,2 including intrinsic high
three-dimensional resolution and the penetrating ability of the
excitation light, this field has attracted great research interest
and acquired several applications such as in two-photon laser
scanning fluorescence microscopy.1 Basically, two kinds of
stratagies in designing TPA based fluorophores have been
approached, namely symmetrical intramolecular charge transfer
D–p-D or A–p-A systems and asymmetrical D–p-A systems,
inducing series of compounds with large TPA as well as TPEF
cross sections.2–5

While amine-based p electron donors have been widely
adopted in opto-electronic materials, relatively few reports
about organoboron compounds in this field can be found.
Among the interesting photophysical properties exhibited in
reported three-coordinate organoboron compounds are single-
photon excited fluorescence (SPEF), second- and third-order
nonlinear properties, and so on.6–9 To our knowledge, up to
now, there has been no report about TPEF properties of trivalent
organoboron compounds.

Trivalent boron is a well known electron-deficient Lewis
acid. Owing to its vacant p-orbital which is similar to the case
of a carbonium ion, it should be able to receive part of the
negative charge from an electron donor via certain delocalized
p-bridges, and the trivalent boron containing group should be a
good p-electron acceptor. Unfortunately, most organoboron
compounds are not stable. Thus some bulky groups must be
attached to protect the boron from attack from oxygen.7–9 The
Hammet substituent constant sH is a useful parameter to
measure the electron-withdrawing ability of an acceptor group.
Glogoweki and Williams have measured sUV, H = 0.65 for the
dimesitylboryl group based on a spectroscopy correlation
method,10 and the electron-withdrawing ability of the –B(Mes)2
group may be between that of –CN and –NO2.

Besides the adoption of trivalent boron as an acceptor, we
introduced the thiophene group as a p-electron reservoir
because this aromatic system may be more rich in electronic
density compared to a benzene ring. In this communication, we
mainly describe the synthesis, structure, SPEF and TPEF
properties of four compounds 1–4 (shown in Fig. 1), all of
which exhibit large quantum yield F and TPEF cross section.

Compounds 2–4 were synthesized using different 4A-aminos-
tyrylthiophenes as precursors,† and 1 was prepared referring the
literature.6 All are stable in air and in common organic solvents
due to the steric protection. Single crystals of 1, 2 and 4 were
obtained and the structure of 2 was satisfatorily determined
(with R1 = 0.0582) by single crystal X-ray diffraction.‡ As
shown in Fig. 2, the central boron and its three bonded carbons
(C14, C15, C24) are perfectly co-planar forming a trigonal
plane. Two mesityl groups, which have effectively protected the
trivalent boron, are arranged in a propeller-like fashion with
dihedral angles between the boron plane and the two mesityl
planes of 57.20 and 59.30°. The dihedral angle between the
thiophene ring and the benzene ring is only 10.86°, and the
linkage between these two rings is quite conjugated with bond
lengths of C6–C9 [1.454(4) Å], C9NC10 [1.335(4) Å] and C10–
C11 [1.443(4) Å]. These structural features suggest that all non-
hydrogen atoms between nitrogen and boron are highly
conjugated, leading to a p-bridge for the charge transfer from
nitrogen to boron. The bond lengths of B1–C15 and B1–C24 are
1.571(5) and 1.585(4) Å, but that of B1–C14 is reduced to
1.544(5) Å, this strengthened bonding also indicates that the p
orbital of boron been partially occupied by transferred charge.

The photophysical properties of these compounds are
summarized in Table 1. For each compound, with the increase
of the polarity of the solvent, the absorption peaks show no
obvious change, but the emission peaks clearly show a red-shift,
and the fluorescent lifetimes are lenghthened. This means that
the excited state of these compounds may possess higher
polarity than that of the ground state, for the solvatochromism is
associated with the energy level lowering. Increased dipole–

† Electronic supplementary information (ESI) available: experimental: 1,
synthesis and characterization; 2, the set up for measurement of photo-
physical properties. See http://www.rsc.org/suppdata/cc/b2/b207210f/

Fig. 1 Molecular structures of compounds 1–4 (Mes = 2,4,6-trimethyl-
phenyl).

Fig. 2 ORTEP drawing of compound 2.
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dipole interaction between the solute and solvent leads to
greater energy level lowering. Comparing 1 with 2, the
replacement of the phenyl by the thiophene group resulted in a
red-shift of the absorption peaks and the emission peaks by
about 20 nm. This may provide evidence for the higher
electronic density of 2. However, comparing 2 and 4, by
changing the alkylamino with arylamino, there is a large blue-
shift in both absorption and emission spectra. The lone pair
electrons on the nitrogen of 4 may have delocalized onto the
teminal phenyls, which may have an effect of reducing charge
transfer and the molecular polarity, especially for the excited
state.

As shown in Table 1, the peak positions of TPEF spectra§ of
1–4 have no obvious shift compared to that of the corresponding
SPEF in THF solution. However, in toluene, TPEF peak
positions show a red shift of about 20 nm compared to that of
SPEF, for instance, the SPEF maximum of 3 is 502 nm, but the
TPEF maximum is 519 nm. This can be explained by the effect
of reabsorption for, as shown in Fig. 3, the linear absorption
band has a slight overlap with the emission band and our TPEF
experiments were carried out on concentrated solutions which
made reabsorption significant. In THF solution, however, the
Stokes’ shift, such as that of 3, is large enough to make
reabsorption negligible. As shown in Fig. 3(d), the scatter-point
graph is the two photon fluorescence excitation spectrum, in
which the peak wavelength is slightly less than the twice of that
of the corresponding linear absorption peak. In addition to other
similarities between SPEF and TPEF, the TPEF peak positons
are also independent of the laser wavelength used. Thus

although the electrons can be pumped to the different excited
states by linear absorption or TPA due to the different selection
rules, they would finally relax to the same lowest excited state
via internal conversion and/or vibrational relaxation.

The TPEF cross section can be supposed to be proportional to
the product of s2FA, where s2 and FAstand for the TPA cross
section and TPEF quantum yield respectively.11 By comparison
of the TPEF intensities of our compounds with that of
fluorescein (as a standard compound) under exactly the same
experimental conditions, we have obtained the relative TPEF
cross sections which are listed in the last column of Table 1.
Compound 4 in toluene solution shows the largest s2FA when it
was pumped at 800 nm. The photophysical properties of all the
precursors of 1–4 without boron have also been examined, their
SPEF and TPEF are very weak compared to the boron-
containing target compounds.

We acknowledge the grant of State Key Program of China
and the National Natural Science Foundation of China (No.
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Notes and references
‡ Crystal data for 2: C32H36BNS, M = 477.49, triclinic, space group P1̄, a
= 8.0588(12), b = 10.4341(14), c = 17.705(3) Å, a = 74.182(12), b =
86.993(9), g = 79.471(11)°, V = 1408.2(4) Å3, Z = 2, T = 293(2) K, Dc

= 1.126 g cm23, R1 = 0.0582, wR2 = 0.1602 for I > 2s(I). CCDC 190316.
See http://www.rsc.org/suppdata/cc/b2/b207210f/ for crystallographic data
in CIF or other electronic format.
§ Measurement of TPEF properties: a Coherent Mira 900 Ti:sapphire laser
was used as the excitation source and a streak camera (Hamamastsu model
C5680) was used as the detector.
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Table 1 The linear and nonlinear properties of compound 1–4

UV–vis linear absorptionad Single photon excited fluorescence (SPEF)a
Two-photon excited
fluorescence (TPEF)e

Solvent lmax/nm e/104 lmax/nmb Fc t/ns lmax/nm s2FAf

1 Toluene 403 2.08 492 0.32 1.13
THF 403 2.59 538 0.55 1.95 540 1.8
CH3CN 402 3.62 580 0.72 2.58

2 Toluene 431 4.05 522 0.30 1.03
THF 431 3.98 558 0.35 1.60 559 0.9
CH3CN 434 3.77 602 0.47 2.04

3 Toluene 432 4.99 502 0.91 1.73 519 3.5
THF 428 4.97 536 0.82 2.18 540 2.6
CH3CN 427 4.61 580 0.65 2.82

4 Toluene 399 4.67 454 0.93 1.61 476 4.3
THF 397 5.12 484 0.84 1.95 484 2.5
CH3CN 393 5.33 512 0.74 2.67

a Only the longest absorption maxima are tabulated. b Emission maximum wavelength excited at the absorption maximum. c Determined using fluorescein
as the standard. d All the single-photon properties were measured at 1 3 1025 M. e TPEF properties were measured at 5 3 1023 M. f The relative value of
TPEF cross section by assigning that of fluorescein as equal to 1.

Fig. 3 Absorption and fluorescence spectra of 3 (a) linear absorption with C
= 1 3 1025 M in toluene, (b) SPEF with C = 1 3 1025 M in toluene, (c)
TPEF with C = 5 3 1023 M in toluene and (d) two-photon excitation
spectrum with C = 5 3 1023 M in THF.
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