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a b s t r a c t

To meet the need for rapid and low-cost chemical sensing of explosive, new fluorescence chemosen-
sors based on oligophenothiazines for probing vapor-phase nitro compounds have been developed. The
phenothiazine-based trimer P3 and pentamer P5 have been synthesized via Heck and Wittig reactions
by convergent approach. It was found that they can detect the vapors of nitro compounds, including
p-nitrotoluene (p-NT), 2,4-dinitrotoluene (DNT), 2,4,6-trinitrotoluene (TNT) with good sensitivity and
reversibility. And the sensor of P3 film gave a linear fluorescence quenching response to 7–800 ppb TNT
with the detection limit of 4 ppb. For DNT vapor, a linear working range of the sensor was 2–24 ppm
ligophenothiazine
itro compounds
harge transfer

with the detection limit of 40 ppb. Meanwhile, the interferents, including common organic solvents, p-
nitrophenol and 2,4-dinitrophenylhydrazine cannot lead to obvious fluorescence quenching, meaning
that the film based on oligophenothiazines exhibited good specificity of fluorescence response to explo-
sive. Based on the fluorescence lifetime and UV–vis absorption measurements, we suggested that the
fluorescence quenching of oligophenothiazine-based films exposed to the vapors of nitro compounds
was due to the formation of non-fluorescent charge-transfer complex between oligophenothiazine and
nitro compounds.
. Introduction

Fast and sensitive detection of the vapor-phase nitroaromat-
cs, such as 2,4,6-trinitrotoluene (TNT), and 2,4-dinitrotoluene
DNT), etc., is of vital importance in national security and eval-
ation of environmental pollution [1–4]. The presently used
etections of nitroaromatics include gas chromatography coupled
ith a mass spectrometer, surface enhanced Raman spectroscopy

5,6], optofluidic ring resonator [7], electrochemical techniques
8–10], and ion mobility spectrometry, etc. [11], which are usually
xpensive and not easily fielded in a small, low-power package.
herefore, the development of chemosensors with high sensi-
ivity and selectivity for the real-time detecting nitroaromatics
as received much attention in recent years. Since Swager et al.
eported the amplified fluorescence quenching of the conjugated
olymers with pentiptycene moieties towards the nitroaromatic
inding events in the film [12–15], fluorescence chemsensors

ave been of importance in the detection of nitroaromatics on
ccount of the high signal output and detection simplicity. Up
o date, lots of fluorescent materials such as poly(silole) [16–18],
oly(silafluorene-fluorene) [19], poly(tetraphenylgermole) [20],
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039-9140/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
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© 2010 Elsevier B.V. All rights reserved.

oligo(diphenylsilane) [21], oligopyrene [22,23], 1,4-substtituted
pentiptycenes [24], functional silica nanoparticles [25,26], and
organic nanofibril film [27–31] have been used for fluorescence
detection of nitro compounds. Although the reported fluores-
cent response to nitroaromatic exhibits high sensitivity, the
reversibility is usually bad. So it is still a great challenge to
design new sensory materials with high sensitivity and good
reversibility.

It was known that the fluorescence quenching of the probing
molecules in detection of nitro compounds could be attributed
to photoinduced charge transfer (PET) or the formation of the
charge-transfer complex in most cases [13,21], so the compounds
with electron-rich units might become ideal fluorescent sensing
materials for nitroaromatics [14]. Previously, we have synthe-
sized a series of vinyl-substituted oligophenothiazines [32], which
are electron-rich systems with low oxidation potentials and can
emit intense green light [33–35]. With these results in mind,
we designed new linear vinyl-substituted phenothiazine-based
trimer P3 and pentamer P5 as fluorescence probing molecules
for nitroaromatics. To the best of our knowledge, there is no

example of detecting nitroaromatics with phenothiazine-based
oligomers. It was found that the films of phenothiazine-based
oligomers were good candidates in fluorescence detection of
vapor-phase nitro compounds with good sensitivity and fairish
reversibility.
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. Experimental

.1. Materials

10-Octyl-3-vinyl-10H-phenothiazine (1), 3,7-dibromo-10-
ctyl-10H-phenothiazine (2), 10-octyl-3-((E)-2-(10-octyl-3-vinyl-
0H-phenothiazin-7-yl)vinyl)-10H-phenothiazine (3) were pre-
ared according to the methods we reported previously [32].
MF was distilled from phosphorous pentoxide, dichloromethane
as distilled from NaH. Toluene had been purified by reflux with

odium for several hours under nitrogen and then distilled to
emove trace water. Nitroaromatics including p-NT, DNT, and
NT were of analytical grade and used directly without further
urification. Caution: Nitroaromatics used in the present study are
ighly explosive and should be handled only in small quantities.
he films based on P3 and P5 were fabricated by spin-casting
f CH2Cl2 solutions (1.0 mM) onto glass substrates, followed by
rying in vacuum at room temperature for 1 h. The thickness of
he films was measured as 30 nm for P3 and P5 on average.

.2. Instruments and characterization

1H NMR spectra were recorded on a Mercury plus 500 MHz using
DCl3 as solvent in all cases. UV–vis spectra were determined on
Shimadzu UV-1601PC Spectrophotometer. Photoluminescence

PL) spectra were carried out on a Shimadzu RF-5301 Lumines-
ence Spectrometer. Fluorescence lifetimes were measured using
he time correlated single photon counting technique with FL920
uorescence lifetime spectrometer. The excitation source was an
F900 ns flashlamp. Lifetimes were obtained by deconvolution of
he decay curves. FT-IR spectra were measured using a Nicolet-360
T-IR spectrometer by incorporating samples in KBr pellet. Cyclic
oltammetry was performed at room temperature under nitro-
en in three electrode cells in dichloromethane + 0.1 M Bu4NPF6.
he reference electrode was Ag/AgCl, and working electrode was
t, using ferrocene as internal standard, scan rate was maintained
t 100 mV/s on BAS 100W Bioanalytical Systems. Mass spectra
ere performed on AXIMA CFR MALDI/TOF matrix assisted laser
esorption ionization/time-of-flight) MS (COMPACT). C, H, and N
lemental analyses were performed on a Perkin-Elmer 240C ele-
ental analyzer. The thickness of the film was measured using
eeco Dektak 150 Surface Profiler.
.3. Synthesis of P3 and P5

In our previous report, we have synthesized linear vinylene-
inked oligophenothiazines by Heck and Wittig reactions via

Scheme 1. The synthetic routes for o
 (2010) 1943–1949

divergent approach. In order to improve the synthetic efficiency, we
design the synthetic routes with less steps for new phenothiazine-
based oligomers P3 and P5 by convergent approach (Scheme 1).

10-Octyl-3-((1E)-2-(10-octyl-3-((E)-2-(10-octyl-10H-
phenothiazin-7-yl)vinyl)-10H-phenothiazin-7-yl)vinyl)-10H-
phenothiazine (P3): A mixture of 0.86 g (2.2 mmol) compound
1, 0.47 g (1 mmol) 3,7-dibromo-10-octyl-10H-phenothiazine 2,
0.31 g (2.2 mmol) anhydrous potassium carbonate, 0.71 g tetra-
butylammonium bromide, and 12 mg Pd(OAc)2 in 20 mL dry
DMF under N2 atmosphere was stirred at 120 ◦C for 24 h. Then,
the mixture was cooled to room temperature and poured into
300 mL water with stirring. After extracted with CH2Cl2 (3×
50 mL), the organic phase was washed with brine and dried with
anhydrous magnesium sulfate. The solvent was removed and the
residue was purified by column chromatography using petroleum
ether/dichloromethane (v/v = 2/1) as the eluent, followed by
recrystallization from the mixed solvents of dichloromethane
and light petroleum to give yellow solid with a yield of 62%. mp:
93.0–94.0 ◦C. 1H NMR (CDCl3, 500 MHz, ppm), ı = 7.28–7.24 (8 H,
m), 7.18–7.14 (4 H, m), 6.93 (2 H, t), 6.89–6.82 (10 H, m), 3.85 (6 H,
t), 1.85–1.79 (6 H, m), 1.46–1.42 (6 H, m), 1.32–1.27 (24 H, m), 0.89
(9 H, t) (see Fig. S1). IR (KBr, cm−1): 2921, 2850, 1598, 1575, 1466,
1363, 1248, 1039, 955, 874, 745. MS, m/z: cal: 982.5, found: 981.5
(see Fig. S2). Elemental analysis: cal. for C64H75N3S3: C, 78.24; H,
7.69; N, 4.28; S, 9.79. Found: C, 78.26; H, 7.74; N, 4.22.

10-Octyl-3-((E)-2-(10-octyl-10H-phenothiazin-3-yl)vinyl)-7-
((1E)-2-(10-octyl-3-((1E)-2-(10-octyl-3-((E)-2-(10-octyl-10H-
phenothiazin-7-yl)vinyl)-10H-phenothiazin-7-yl)vinyl)-10H-
phenothiazin-7-yl)vinyl)-10H-phenothiazine (P5): The synthetic
method for P5 was similar to that of P3 except that compound 3
1.48 g (2.2 mmol) was used as reagent. Finally, we got yellow solid
in a yield of 53%. mp: 129.0–131.0 ◦C. 1H NMR (CDCl3, 500 MHz,
ppm), ı = 7.26–7.21 (16 H, m), 7.16–7.13 (4 H, m), 6.91 (2 H, t),
6.87–6.79 (18 H, t), 3.83 (10 H, t), 1.83–1.77 (10 H, m), 1.44–1.40
(10 H, m), 1.30–1.26 (40 H, m), 0.89–0.86 (15 H, m) (see Fig. S3).
IR (KBr, cm−1): 2923, 2852, 1599, 1580, 1473, 1362, 1251, 1040,
957, 873, 746. MS, m/z: cal: 1653.5, found: 1652.7 (see Fig. S4).
Elemental analysis: cal. for C108H125N5S5: C, 78.45; H, 7.62; N,
4.24; S, 9.70. Found: C, 78.48; H, 7.67; N, 4.19.

2.4. General methods
In steady-state emission, the quenching data fit the
Stern–Volmer model well. I0/I = 1 + Ksv [Q], where I0 and I are
the fluorescence emission intensity of the sensory material before
and after adding of the quencher, respectively, and [Q] is the
concentration of the quencher. The constant Ksv defines the

ligophenothiazines P3 and P5.
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fficiency of quenching. The sensitivity of P3 and P5 towards TNT,
NT and p-NT was recorded by micro-titration in toluene. The
oncentration of P3 and P5 was maintained at 1 × 10−6 M. The
uorescence intensity was monitored at 500 nm excited at 306 nm.

The sensing performance of the oligophenothiazine-based films
o vapor nitro compounds was studied in a way adopted by Swa-
er and others [14]. Specifically, the film to be tested was inserted
nto a sealed vial at room temperature containing an analyte and
otton gauze which prevents the direct contact of the film and the
nalyte, and helps to maintain a constant vapor pressure. The time-
ependent fluorescence spectra of the film were measured after

mmersing the film into the sealed vial immediately or for a certain
ime. By monitoring the changes of the fluorescence intensity at
20 nm (�ex = 306 nm) of the film with increasing the exposure time
o vapor-phase analyte, the time-dependent fluorescence quench-
ng efficiency was obtained.

The reversibility of the sensing process was examined using P3
lm as an example. Firstly, the fluorescent spectrum of the film
xposed to the saturated vapor of p-NT at room temperature for
0 s, or to DNT as well as TNT vapors for 600 s, was recorded. Then,
he non-fluorescent film containing the complex of P3 and p-NT
or DNT) was blown by hairdryer for 10 s (or 60 s), and that con-
aining the complex of P3 and TNT was immersed into a saturated
apor of hydrazine (ca. 140 ppm) for 10 s to recover the fluorescence
mission. The above process was repeated for several times.

In addition, the fluorescence quenching efficiency of the film for
ensing to the vapor of nitro compound at different concentrations
as obtained by tuning the tested temperature of the sealed cell

ontaining an analyte and cotton gauze since the vapor pressure
f the nitro compound at different temperatures can be referred
36–38]. After the equilibrium vapor pressure of the analyte was
eached at different temperatures, the film was immersed in the
ealed cell for 30 s, followed by monitoring the fluorescence inten-
ity. Thus, the concentration-dependent fluorescence quenching
fficiency of P3 film was obtained.

The standard deviation of the quenching efficiency was less than
4% in all cases.

. Results and discussion

.1. Photophysical and electrochemical data of P3 and P5

Photophysical and electrochemical data of oligophenothiazines
3 and P5 are shown in Table 1, we can find that P3 gave the
bsorptions at 306 nm and 408 nm in toluene, which red-shift to
08 nm and 426 nm, respectively, in the film due to the aggrega-
ion. Similarly, two absorption bands at 308 nm and 419 nm are
etected for P5 in solution, which also red-shift to 311 nm and
38 nm in the film (see Fig. S5). In addition, the absorption bands of

5 appeared in the longer wavelength region compared with P3 is
n account of the larger conjugated length of P5. Moreover, the two
ompounds can emit strong fluorescence irradiated by UV light. As
hown in Fig. 1, we can find that in toluene the fluorescent band
f P3 is located at 500 nm, and that of P5 appears at 509 nm. They

able 1
hotophysical and electrochemical data of P3 and P5.

Oligomers Solutionsa Films

�abs
max (nm) �em

max (nm) ˚F
b �abs

max (nm)

P3 306, 408 500 0.33 308, 426
P5 308, 419 509 0.38 311, 438

a In toluene (1 �M).
b Using quinine sulfate in 0.1 H2SO4 (˚F = 0.546) as the standard.
c Using Eox

onset is the onset oxidation potential.
d Using HOMO = −(Eox

onset + 4.68) eV.
e LUMO = HOMO − Eg, Eg is determined from the onset of the absorption at the lower en
Fig. 1. (a) Fluorescence spectra of P3 and P5 in toluene (1 × 10−6 M, �ex = 306 nm)
and (b) normalized fluorescence spectra of P3 and P5 in the films (�ex = 306 nm).

red-shifted to 524 nm and 529 nm in film for P3 and P5, respec-
tively. The fluorescence quantum yields of P3 and P5 in toluene
were 0.33 and 0.38 using quinine sulfate in 0.1 H2SO4 (˚F = 0.546)
as the standard. The energy levels of HOMO of P3 and P5 were
estimated as −5.01 eV and −4.97 eV, respectively, according to the
electrochemical results, meaning that the two oligomers were typ-
ical electron-rich systems. Strong fluorescence emitting as well as
electron-donating characters made it possible that P3 and P5 might
be candidates for fluorescence chemosensors for nitroaromatics.

3.2. Fluorescence quenching of P3 and P5 by nitro compounds in

solution

In order to investigate the fluorescence sensibility of
phenothiazine-based oligomers for detecting nitroaromatics,
fluorescence titration of P3 and P5 by p-NT (Ered = −1.2 V), DNT

Eox
onset (eV)c HOMO (eV)d LUMO (eV)e

�em
max (nm)

524 0.33 −5.01 −2.35
529 0.29 −4.97 −2.40

ergy band edge.
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Fig. 2. Stern–Volmer plots for P3 (a) and P5 (b) in response to TNT (square), DNT
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circle), p-NT (triangle) and BP (pentagon), the concentration of P3 and P5 was
aintained at 1 × 10−6 M. The fluorescence intensity was monitored at 500 nm for

3 and P5 (�ex = 306 nm). The insets were �0/� as a function of the concentration of
NT.

Ered = −1.0 V), TNT (Ered = −0.7 V), and BP (benzophenone), (which
as used as a reference due to its weaker electron-deficiency,

red = −1.6 V) in toluene was recorded [14]. It was clear that the flu-
rescent emission intensity of the phenothiazine-based oligomers
ecreased obviously by increasing the content of nitro compounds.
tern–Volmer plots for P3 as well as P5 (monitored at 500 nm)
nd various nitroaromatics in toluene at room temperature were
hown in Fig. 2, and we can find a linear fluorescence quenching
esponse. The apparent quenching constants Ksv was estimated
y fits of the first linear part of the Stern–Volmer plots, and the
sv values of P3 were 4607 M−1, 3576 M−1, 3451 M−1, 389 M−1,
nd of P5 were 4149 M−1, 3271 M−1, 3070 M−1, 272 M−1, for TNT,
NT, p-NT and BP, respectively. It was obvious that P3 exhibited a

ittle high sensibility than P5 due to its lower free energy change
�G◦) in fluorescence quenching process. �G◦ is approximated by
he equation of �G◦ = E(P/P+•) − �E0–0 − E(Q/Q•−), where E(P/P+•),

E0–0, and E(Q/Q•−) are the oxidation potential of oligomer
→ P+•, the lowest singlet 0–0 excitation energy of the oligomer,
nd the reduction potential of quencher Q → Q•−, respectively [14].
he values of E(P/P+•) and �E0–0 for P3 are −5.01 eV, 3.04 eV, and
or P5 are −4.97 eV, 2.96 eV, and the values of E(Q/Q•−) for TNT,
NT and p-NT are −3.8 eV, −3.3 eV and −3.1 eV, respectively [39].
herefore, the values of �G◦ were −4.25 eV and −4.13 eV in the
uorescence quenching of P3 and P5 by TNT, respectively. More-

ver, the quenching constants of phenothiazine-based oligomers
or TNT are higher than the ones of reported functional compounds
20,24], meaning that P3 and P5 were ideal fluorescence probes
or nitro compounds.
Fig. 3. Time-dependent fluorescence emission spectra of P3 film (�ex = 306 nm)
exposed to the vapors of (a) p-NT, (b) DNT, and (c) TNT. The inset was the fluo-
rescence quenching efficiency against time and the reversibility of the responses of
P3 film.

3.3. Fluorescence quenching of the films based on P3 and P5 by
the vapors of nitro compounds
Fig. 3 shows the time-dependent fluorescence emission spec-
tra and reversibility of the responses of P3 films upon exposure
to the saturated vapor of p-NT (200 ppm), DNT (180 ppb) and TNT
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ig. 4. Fluorescence response of P3 film to the saturated vapors of p-NT, DNT, TNT,
ome organic solvents, p-nitrophenol, 2,4-dinitrophenylhydrazine, and the mixtures
f DNT/p-nitrophenol as well as DNT/2,4-dinitrophenylhydrazine for 600 s.

10 ppb) at room temperature [14]. It was not surprising that P3
lm showed stronger fluorescence quenching efficiency for p-NT
han DNT and TNT vapor, which could be ascribed to different vapor
ressure and redox potential of nitro compounds. Generally speak-

ng, the greater of the vapor pressure or the higher of the redox
otential of nitro compounds, the stronger of its binding ability
o probing molecules [21]. Clearly, the fluorescence emission of
3 could be almost quenched completely after exposed to p-NT
apor for 15 s due to high saturated vapor pressure. The response
ime of P3 to p-NT vapor was estimated as 1.12 s by fitting a single
xponential decay (Fig. S6). As to DNT, exposure of P3 film to its sat-
rated vapor for 300 s and 600 s resulted in 60 and 76% reduction of
he emission intensity, respectively. In addition, 32 and 47% reduc-
ion of the emission intensity of P3 film was detected when exposed
o saturated vapor of TNT for 300 s and 600 s. Similarly, P5 films also
ave the more sensitive fluorescence response to p-NT than DNT
nd TNT (Figs. S7–S9). Although P3 and P5 exhibited higher sensi-
ivity to the explosive in toluene than pentiptycene-based polymer
20], the sensitivity of the films to the explosive vapors was not
s good as that reported by Swager and Yang [15]. It could be
xplained that large cavities in the film could be easily generated
rom pentiptycene-derived polymer with three-dimensional rigid
tructure, and favored the explosive binding and diffusion within
he matrix.

.4. Effect of interferents

The effect of some interferents, such as some organic solvents, p-
itrophenol, and 2,4-dinitrophenylhydrazine on the specificity of
uorescence response for P3 film to explosive was investigated.
o significant changes of the fluorescence emission intensity at
20 nm of P3 film were observed upon exposing the film to the sat-
rated vapors of some organic solvents, including benzene, toluene,
hlorobenzene, dichloromethane, THF, ethanol, acetonitrile, pyri-
ine, and triethylamine at room temperature for 600 s (Fig. 4).
lthough the vapors of p-nitrophenol, 2,4-dinitrophenylhydrazine
nd acetic acid could lead to slight decrease of the emission
ntensity of P3 film, the fluorescence quenching efficiencies were
ess than those of p-NT, DNT and TNT significantly. In addi-
ion, we also found that the presence of some interferents, such

s p-nitrophenol, 2,4-dinitrophenylhydrazine cannot affect the
uorescence response to DNT, so the film based on oligophenoth-

azines can exhibit good specificity of fluorescence response to
xplosive.
Fig. 5. The concentration-dependent fluorescence quenching efficiency of P3 film
exposed to (a) p-NT, (b) DNT, and (c) TNT for 30 s.

3.5. Calibration curve and detection limits

To explore the detection limit for the nitro compounds, the
concentration-dependent fluorescence quenching efficiencies of
P3 film exposed to p-NT, DNT and TNT for 30 s were shown in
Fig. 5. It was clear that there is a good linear relationship between
the quenching efficiencies (1 − F/F0) and the concentrations in the
ranges of 4–42 ppm for p-NT, 2–24 ppm for DNT and 7–800 ppb for
TNT. Considering the fact that a well-calibrated photodetector can

detect the intensity change as small as 0.1% or below [40], we sug-
gested that the detection limit of P3 film is 4 ppb, 40 ppb and 48 ppb
for TNT, DNT and p-NT, respectively.
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ig. 6. Time-dependent absorption spectra of P3 film exposed to DNT vapor (the
ime interval for each curve is 1 min).

.6. Investigation of fluorescence quenching mechanism

In order to reveal the fluorescence quenching mechanism
f P3 and P5 in detecting nitro compounds, the fluorescence
ifetimes of oligomers before (�0) and after (�) addition of dif-
erent amount of quenchers were measured. We found that
he fluorescence lifetime (�0) of P3 was 1.86 ns and that of
5 was 1.48 ns, respectively (Figs. S10 and S11). Notably, the
0/� values were invariant against the concentration of nitro
ompounds (insets in Fig. 2). Therefore, we suggested that the
uorescence quenching was caused by formation of a non-
uorescent charge-transfer complex through a static process in
ur systems [20,21], which could be further confirmed by the
ime-dependent absorption spectra of P3 film exposed to DNT
apor. As shown in Fig. 6, we could find the absorption bands
or P3 in the film appeared at 308 and 426 nm, which red-shifted
radually accompanying with the declining of the absorption
ntensity when prolonging the time of P3 film exposed to DNT
apor, for instance, they shifted to 323 nm and 466 nm after
3 film was exposed in DNT vapor for 30 min (see Fig. 6).
otably, the enhancement of the absorption above 500 nm sug-
ested the formation of charge-transfer complex between P3 and
NT.

.7. Reversibility of the fluorescence response of P3 film to the
apors of nitro compounds

The reversibility of the fluorescence response of P3 for p-NT,
NT, TNT was also studied. We could find from the right inset of
ig. 3a that the fluorescence emission of P3 could be recovered
mmediately after blowing the non-fluorescent film containing the
omplex of P3 and p-NT by hairdryer for 10 s, and such fluorescence
uenching and recovery could be repeated for many times with-
ut fatigue. On the other hand, P3 also exhibited good reversibility
f fluorescence response in detecting DNT except for long recov-
ry time via blowing for 60 s (right inset of Fig. 3b). The reason is
hat DNT exhibited stronger binding ability to P3 than p-NT due
o its higher reduction potential, whereas, the strong interaction
etween P3 and TNT made it difficult to recover the emission of
3 by blowing the non-fluorescent film. However, the fluorescence
mission can be reproduced by immersing the non-fluorescent film
ontaining the complex of P3 and TNT in a saturated vapor of

ydrazine (ca. 140 ppm) for 10 s [27,28], and good repeatability
an also be achieved (right inset of Fig. 3c). Therefore, the fluo-
escence sensing process of P3 for vapor-phase nitroaromatics are
ell reversible.

[
[
[
[
[
[

 (2010) 1943–1949

3.8. The stability of P3 film under analytical conditions

The photostability of P3 film under analytical conditions was
recorded as shown in Fig. S12, and it was found that only a slight
decrease of the fluorescence emission intensity at 520 nm upon
exposure to natural light for 200 min, meaning that the photosta-
bility of P3 film allowed it to be used as candidate in fluorescence
probe for detecting nitro compounds.

4. Conclusion

We have synthesized two vinyl-substituted oligophenoth-
iazines P3 and P5, which could be used as efficient fluorescence
probing molecules for detection of the vapor of p-NT, DNT and TNT.
Stern–Volmer plots revealed that phenothiazine-based oligomers
exhibited high sensitivity to nitro compounds compared to other
reported polymers in solution. Notably, P3 and P5 films could
detect the vapor-phase nitro compounds with high sensitivity and
fairish reversibility. P3 film gave a linear fluorescence quenching
response to TNT in the range of 7–800 ppb with the detection
limit of 4 ppb, and the detection limit to DNT and p-NT was
40 ppb and 48 ppb, respectively. It was also found that the inter-
ferents, including common organic solvents, p-nitrophenol and
2,4-dinitrophenylhydrazine cannot lead to obvious fluorescence
quenching, meaning that the film based on oligophenothiazines
exhibited good specificity of fluorescence response to explosive.
Furthermore, the fluorescence lifetimes of P3 and P5 did not change
with addition of DNT illustrated that the fluorescence quench-
ing was caused by formation of a non-fluorescent charge-transfer
complex, which was further confirmed by the UV–vis absorption
spectral changes of P3 before and after exposed to DNT. There-
fore, as electron-rich systems, oligophenothiazines and related
compounds should be ideal candidates of sensory materials for
detection of nitroaromatics.
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