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a b s t r a c t

A dipyridyltriphenylamine derivative, (E)-4-(2-nitrovinyl)-N,N-bis(4-(pyridin-4-yl)-phenyl)aniline, was
synthesized as a fluorescent probe for sulfite ion, which can be used in detecting excessive addition of
sulfite in the food industry. The chemodosimeter can output far-red to near-infrared emission under both
aqueous and solid state conditions exhibiting potential applications in the field of luminescent functional
materials. Based on synchronous fluorescence spectroscopy, a ratiometric method was developed for
determination of sulfite ion with small overlap in the emission spectrum, whose emission band is nar-
rower than that observed in normal emission spectrum.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, the process in the design and synthesis of small
molecular fluorescent probes for different analytes has attracted
considerable attention in the field of optical function materials, as
anions, metal ions and small molecular markers have shown
immense importance in human health and environmental issues
[1e6]. Among these species, the sulfite ion, a common substance
that naturally occurred in some foods and the human body [7,8],
acts as the antimicrobial additive widely used in food, pharma-
ceutical drugs, paints, biological samples and cosmetics to prevent
decomposition by microbial growth or undesirable chemical
changes [9]. Therefore, a powerful detection method for the sulfite
ion is of great significance [10e13].

With high sensitivity, fast response and multi-wavelength
output signals, fluorescent sensors have raised widespread inter-
est within the field of analyst chemistry [14e18]. Nowadays, some
researchers attempted to design and use this tool for on-line
detection of different biological markers and additives [19e23].
Compared to both “turn on” and “turn off” type sensors, the
ratiometric fluorescent sensor has received widespread attention,

which can enable the measurement of fluorescent intensities at
dual wavelengths and provide a built-in correction in real sample
conditions [24e28]. One of the biggest challenges in developing
such ratiometric fluorescent probes is that spectral multiplexing of
ratiometric mode, which could disturb the fluorescent signals. A
common resolving strategy was reported by D. Chiu's group, who
fabricated a series of narrow-emission conjugated polymer mate-
rials [29]. However, the large amount of organic small molecule
probes that can be designed as the ratiometric probe is still limited
due to overlapping emission spectra. Therefore, there is an
extraordinary need to develop a new protocol that can minimize
the overlap area of different emission bands with a narrow spectral
width [30]. Herein, we introduced synchronous fluorescence
spectroscopy (SFS) in this case which was systematically tuned to
obtain narrow emissive signals to distinguish the two emission
bands of a ratiometric fluorescent probe [31]. To evidence the
feasibility of this strategy, we designed a ratiometric fluorescent
probe (DPTPA2) containing dipyridyltripenylamine (DPTPA) as a
signal unit, which showed far red emission with the large Stokes
shift under aqueous and solid state conditions [32]. The 2-
nitrovinyl group attached on DPTPA offered an active site for
detecting sulfite ionwhich is a nucleophilic species (Scheme 1). The
difference of intramolecular charge transfer (ICT) states between
DPTPA2 and its sulphite-adduct induced two distinguishable syn-
chronous signals. Fluorescent assays are carried out to explore the
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sensing actions of DPTPA2 in synchronous fluorescence spectros-
copy (SFS) method. 1H and 13C NMR spectra are used to determine
the sensing mechanism of our probe.

2. Experimental

2.1. Materials and instruments

All chemicals were purchased from commercial suppliers and
used without further purification unless otherwise specified. 1H
NMR and 13C NMR spectra were recorded on a Brucker AM-400
spectrometer with tetramethylsilane (TMS) as the internal stan-
dard and deuterated chloroform was used as the solvent. Mass
spectra were measured on a SHIMADZU LCMS-IT-TOF spectrom-
eter. The melting point was recorded on a ShenguangMelting Point
System (WRS-1B). Absorption spectrum was measured on a SHI-
MADZU UV-3600 spectrophotometer. Fluorescence measurements
were performed on a FS-5 spectrophotometer (Edinburgh, Britain)
and the slit width was set at 1 nm for excitation and emission,
respectively. The relative quantum yield of the chemodosimeter
was measured via comparison of the integrated emission intensity
and absorbance with those of Cy 5.5 dye (in PBS buffer, F ¼ 0.28).
Different from normal fluorescence measurements, the Synchro-
nous Fluorescence Spectra were recorded in lex.-intensity rela-
tionship (X-Y axis). SEM images were obtained from a SU-8010
scanning electron microscope. TLC analysis was performed on silica
gel plates and Silica gel (100e200 meshes) was used for column
chromatography. In both absorption or fluorescence measure-
ments, compounds were dissolved in DMSO to obtain stock solu-
tions (0.01 M). The stock solutions were diluted with deionised
water or buffer solutions to the desired concentration.

2.2. Synthesis of ratiometric probe DPTPA2

2.2.1. Synthesis of compound DPTPA-CHO
4-[Bis-(4-iodophenyl)amino]benzaldehyde 1 (525 mg, 1 mmol),

4-pyridinylboronic acid (370 mg, 3 mmol), Cs2CO3 (650 mg,

2mmol) and Pd(PPh3)4 (20mg, 0.054mmol) were added in toluene
(10 mL). The mixture was stirred at 100 �C under Ar for 4 h. Then
the mixture was cooled to room temperature and poured into
water and the organic layer was separated and the aqueous phase
was extracted with dichloromethane (DCM). The combined organic
phases were washed with brine and dried over sodium sulfate and
the solvent was removed under reduced pressure. The crude
product was purified on column chromatography using DCM/EtOH
(70/1, v/v) as eluent to give yellow solid DPTPA-CHO (242 mg,
56.7%). m.p.: 128.6e141.3 �C. 1H NMR (CDCl3, 400 MHz) d: (ppm)
7.20 (d, J ¼ 8.0 Hz, 2 H), 7.30 (d, J ¼ 8.0 Hz, 4 H), 7.51e7.52 (m, 4 H),
7.65 (d, J ¼ 12 Hz, 4 H), 7.78 (d, J ¼ 8.0 Hz, 2 H), 8.66e8.68 (m, 4 H),
9.89 (s, 1 H). 13C NMR (CDCl3, 100 MHz) d: (ppm) 121.45, 126.10,
128.37, 130.54, 131.42, 134.37, 145.55, 146.99, 147.22, 150.33, 150.67,
152.44, 190.51. HRMS (m/z): calcd. for [MþH]þ (C29H21N3O):
427.1685; found: 428.1772.

2.2.2. Synthesis of ratiometric probe DPTPA2
DPTPA2 was synthesized according to the literature report

without modification. DPTPA-CHO (700 mg, 1.64 mmol), nitro-
methane (126.7 mL, 1.97 mmol), piperidine (233.4 mL, 1.97 mmol)
were dissolved in EtOH (5 mL) in a flask. The reaction mixture was
stirred overnight at 70 �C and then the solvent was removed under
reduced pressure and the residue was purified by column chro-
matography using acetate/methanol (15/1, v/v) afforded the red
solid DPTPA2 (463 mg, yield 60%). m.p.: 204.5e205.8 �C. 1H NMR
(CDCl3, 400 MHz) d: (ppm) 8.69 (d, J ¼ 6.02 Hz, 4 H), 8.00 (d,
J ¼ 13.55 Hz, 1 H), 7.66 (d, J ¼ 8.53 Hz, 4 H), 7.54e7.58 (m, 1 H), 7.53
(d, J ¼ 6.27 Hz, 4 H), 7.48 (m, J ¼ 8.78 Hz, 2 H), 7.30 (d, J ¼ 8.53 Hz,
4 H), 7.18 (m, J ¼ 8.78 Hz, 2 H). 13C NMR (CDCl3, 100 MHz) d: (ppm)
150.7, 150.6, 150.3, 147.2, 147.0, 138.6, 135.2, 134.2, 130.8, 128.3,
126.1, 125.8, 123.8, 122.5, 121.4, 121.2. HRMS (m/z): calcd. for
[MþH]þ (C30H22N4O2): 470.1743; found: 471.1819.

3. Results and discussion

3.1. Design, synthesis and characteristic

Because of the deep tissue penetration of light of long wave-
length, the fluorophores with long wave emission in far-red to
near-infrared region were important in modern research in bio-
sensing and bioimaging [33]. The strategy we used to design and
synthesize the SFS probe for sulfite ion as depicted in Scheme 1 and
Scheme 2. DPTPA2 was synthesized from triphenylamine deriva-
tive (1). Two pyridine moieties were introduced into triphenyl-
amine core by typical Suzuki coupling reaction. The nitro group
(-NO2), a strong acceptor, was designed to end-cap the vinyl group
with DPTPA-CHO and nitromethane as substrates through Knoe-
venagel condensation reaction. The dipyridyltriphenylamine with a
p-extended vinyl active sitewas developed by our group. The direct

Scheme 1. The descript of DPTPA2 and its recognition mechanism towards sulfite.

Scheme 2. Synthesis routine of probe DPTPA2.
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