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Signal enhancement of sensing nitroaromatics
based on highly sensitive polymer dots†

Jin Huang,a,b Jiangjiang Gu,a,b Zhen Meng,b Xudong Jia*a,b and Kai Xi*b

A new, rapid, sensitive, selective and portable fluorescence detection method for nitroaromatics based on

polymer dots (Pdots) had been successfully developed not only in aqueous media but also in the solid

state with test strips. The fluorescence quenching rates were proportional to the concentrations of 2,4,6-

trinitrophenol (TNP) in the range of 0.2–20.0 μg mL−1 and p-nitrophenol (PNP) in the range of

0.05–6.0 μg mL−1, when Pdots were used as ratiometric fluorescent sensors in aqueous solution. The 3σ

limit of detection of PNP reached 18.8 ng mL−1. Compared with polymer-based detection for nitro-

aromatics in the organic phase, the signal enhancement effect was initially found when Pdots were used

to detect nitroaromatics in the aqueous phase. The mechanism of the interaction between Pdots and

nitroaromatics was revealed as an electron transfer phenomenon from the electron-rich chromophoric

probe to the electron deficient nitroaromatics. The results indicated that Pdots-based detection was par-

ticularly suitable for on-site qualitative detection and quantitative analysis of nitroaromatics.

Introduction

Nitroaromatics were widely used in the fields of pesticides,
pharmaceutical intermediates, and dyestuffs in modern indus-
try. In recent years, nitroaromatics, particularly as the impor-
tant raw materials in explosives, were related to the increasing
number of terrorist attacks, which threated homeland security,
public safety and human health.1 Therefore, the development
of portable, reliable and inexpensive methods for nitroaro-
matics detection has been a matter of great concern to
researchers. Fluorescence-based detection had been identified
as a low-cost, simple and convenient method for detecting
nitroaromatics.2 Subsequently, a number of advanced and
notable materials for application in fluorescence-based detec-
tion had been synthesized. Conjugated emissive polymers/
oligomers were the most attractive materials and were con-
sidered to have low electron affinities (electron-rich) and high
efficiency in the detection of electron-deficient analytes such
as nitroaromatics.3 Swager’s group pioneered a highly efficient
vapor-phase detection method for 2,4,6-trinitrotoluene (TNT)
based on a pentiptycene moiety conjugated with fluorescent
polymers.1,3b,4 Trogler and co-workers had also made pioneer-

ing contributions to solid-phase sensing using tetraphenyl-
silole and silafluorene-based conjugated polymers.5 Following
on from these methods, Ajayaghosh’s group developed per-
fluoroarene-based gelator coated test strips for TNT detection
at a record attogram level (∼12 ag cm−2).6 Tang’s group reported
a series of hyper-branched luminescent polymers and investi-
gated their application in the detection of nitroaromatic explo-
sives.7 Although fluorescence-based detection had made
enormous progress in recent years, development of highly sensi-
tive, selective, eco-friendly and portable fluorescence materials
for the detection of nitroaromatics, both in the aqueous phase
and in the solid phase, is still a great challenge.8

Recently, as a novel material based on nanotechnology,
Pdots have attracted particular attention in the fields of
biology and medicine owing to their exceptional brightness,
excellent photostability and non-toxicity.9 Some researchers
reported that Pdots as fluorescence detection sensors had sen-
sitive and selective characteristics.10 On the basis of these
studies, we present a Pdots detection method for nitro-
aromatics, which integrates the advantages of the conjugated
emissive polymer detection method.

The high brightness was beneficial in increasing the sensi-
tivity for nitroaromatic detection. In this work, Pdots with
high quantum yields (QYs) were obtained via fluorescence
resonance energy transfer (FRET) (Scheme 1). The preparations
of Pdots were easily made using a one-pot strategy (reprecipita-
tion techniques) with different combinations of P1 (blue emis-
sion) and/or P2 (yellow emission) and/or P3 (red emission)
with carboxyl-functionalized polystyrene-g-poly(ethylene oxide)
(PS-PEG-COOH) (ESI 2.4†). Moreover, the emission wavelength
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of Pdots could be adjusted from yellow light emission to red
light emission according to the needs of the testing condition.
At the same time, Pdots with red and yellow emission, which
could be excited by visible light, did not need any further
modification of other recognition groups on the nitroaro-
matics owing to the large number of carboxyl groups on the
surface of Pdots. In addition, to pursue a convenient and por-
table Pdots-based method for nitroaromatics detection, the
Pdots/fiber fluorescent composite test strips were prepared via
simple processing in water. It was expected that the Pdots-
based method for the detection of nitroaromatics would be
highly sensitive, selective, eco-friendly and simple both in the
aqueous phase and in the solid phase.

Results and discussion
The synthesis and characterization of Pdots

The introduction of narrow-band-gap monomers (2,1,3-ben-
zothiadiazole and 4,7-bis(2-thienyl-2,1,3-benzothiadiazole) into
the poly(alkynyl-fluorene) backbone via the Sonogashira coup-
ling reaction was done with the aim of tuning the emission
color of the polymers from blue to red and obtaining better
luminescence properties (Fig. S1†) via FRET in the polymer
molecular chain (Table S1 and Fig. S2–S4†). P1, P2 (Polymer-
528) and P3 (Polymer-614) exhibited high fluorescence
quantum yields in the organic phase (ESI 2.5†) and excellent
thermal stability (Fig. S5†). Moreover, Pdots with high QYs
could be acquired from different combinations of the three
polymers with PS-PEG-COOH via the reprecipitation method,11

which is based on efficient intra-particle energy transfer
(Tables S2 and S3†). The blue emission spectrum of the P1
emitter showed a large degree of overlap with the yellow
absorption spectrum of the P2 emitter, and the yellow emis-
sion spectrum of the P2 emitter also showed an overlap with
the red absorption spectrum of the P3 emitter (Fig. S6 and
S7†). Therefore, Pdots-614 was found to show the highest QY
and red enhanced emission (Table S3†), which could be attri-
buted to the fact that Förster energy transfer occurred among

the three polymers. Moreover, the Pdots-614 exhibited a broad
visible absorption band, which extended to 600 nm. Its QY
could reach 15.2% with visible-light excitation (430 nm, λMax =
614 nm) (Fig. 1a and Table S3†).

In order to obtain bright detection signals in aqueous solu-
tion and produce hyper-bright Pdots/fiber composite fluo-
rescent test strips for the detection of nitroaromatics, a high
loading of Pdots on the filter paper was prepared by increasing
the concentration of the polymers (P1, P2 and P3) in THF solu-
tion using the reprecipitation method according to previous
reports.9a–c,11 Because a small quantity of Pdots would aggre-
gate in the process of concentrating, the actual mass concen-
trations of Pdots in aqueous solution were then remeasured by
a freeze-drying method (Table S2†). TEM indicated that the
sizes of the four Pdots were around 40–80 nm (Fig. 1b, Fig. S8
and S9†) and the average hydrodynamic diameter of Pdots-614
was around 68 nm according to DLS measurements (Fig. 1c).

Pdots-based detection for nitroaromatics in solution

There was a slight influence of common anions on the fluo-
rescence intensity of Pdots-614 at a high ion concentration
(1 mmol L−1) (Fig. S10†) in water. The result confirmed that
the Pdots could be applied to nitroaromatics sensing in the
aqueous phase. To construct the fluorescence sensor, the
effect of pH on fluorescence detection was first investigated
over a wide pH range of 4–11. As shown in Fig. 2, the fluo-
rescence quenching rates (FQRs) versus pH were monitored
when several representative nitroaromatics were detected by
Pdots in aqueous solution. In the presence of TNP (20.0 μg
mL−1), the FQR was maintained above 70% (MaxFQR = 79.8%
at pH = 9), which indicated that the FQRs of Pdots-614 were
slightly affected by pH. Nitrobenzene (NB) and TNT had slight
influence on the fluorescence intensity of Pdots-614. While in
the presence of o-nitrophenol (ONP), m-nitrophenol (MNP)
and p-nitrophenol (PNP), the FQRs of Pdots-614 were signifi-
cantly affected by pH, particularly with ONP and PNP. The
maximum FQR for ONP, MNP and PNP appeared in weak alka-
line solution and the optimum pH value for the detection of
nitroaromatics could be determined as pH = 9, according to
the abovementioned results.

For studying the selectivity and sensitivity of the Pdots-
based detection for nitroaromatics, the FQRs of Pdots-614
were measured in the presence of nitroaromatics (20.0 μg mL−1).

Scheme 1 Synthetic route toward Pdots. (taking Pdots-614 as an
example).

Fig. 1 (a) The absorption spectrum and emission spectrum of Pdots-
614, (b) the TEM images of Pdots-614 (scale bar = 500 nm; inset figure:
scale bar = 50 nm), and (c) hydrodynamic diameter of Pdots-
614 measured by DLS.
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As the control groups, the corresponding polymer (Polymer-
614) and Polymers-mixture-614 (P1 + P2 + P3 + PS-PEG-COOH)
were used to detect nitroaromatics in THF solution (Fig. 3a,
ESI 3.1 and Table S4†). Only TNP and DNP showed a certain
degree of quenching for Polymer-614 and Polymers-mixture-
614 and the detection signals for the other nitroaromatics
were considerably weaker. While for the detection of most of
the nitrophenol compounds in aqueous solution, the FQRs of

Pdots-614 were greatly increased, reaching more than 80%.
Moreover, the FQR of Pdots-614 for PNP detection was more
than 95%. The intensified fluorescence quenching of Pdots-
614 in aqueous solution could be observed by naked eyes
under 365 nm UV illumination, while the fluorescence
quenching of Polymer-614 or Polymers-mixture-614 in the
organic solution for nitroaromatics detection could not
(Fig. 3b–e). The same phenomenon was found when Pdots-530
was used as a fluorescent sensor for nitroaromatics detection
(Fig. S11†). The results indicated that Pdots-based detection in
the aqueous phase had considerably better selectivity and
sensitivity than polymer-based detection in the organic phase,
and a signal enhancement effect for the detection of nitro-
aromatics was found.

To explain the reasons for the good selectivity and sensi-
tivity for nitrophenol compounds and the signal enhancement
effect for nitroaromatics detection by Pdots, the mechanism of
the interaction between the Pdots and nitroaromatics was put
forward and discussed. A mass of polyether segments and car-
boxylic acid groups on the surface of Pdots, which were
derived from the amphiphilic polymer moiety (PS-PEG-COOH),
made the Pdots stable in aqueous solution. At the same time,
because the amphiphilic polymer was weakly acidic, there were
parts of carboxylic acid groups still un-ionized on the surface
of Pdots in the alkalescent aqueous solution. Then, a large
number of nitrophenol anions were generated from the ioniza-
tion of phenolic hydroxyl groups in the alkalescent aqueous
solution, which could interact with the un-ionized carboxylic
acid groups via hydrogen bonding and can be assembled on
the surface of the Pdots. Nitrophenol compounds as electron
acceptors, which were electron-deficient, could interact with
the electron-rich Pdots, and the fluorescence of Pdots was
then quenched by the analyte via photoinduced electron trans-
fer (PET).2b,5c,12 While the nitrotoluene compounds, as elec-
tron deficient nitroaromatics, were much difficult to be
ionized and captured effectively by the carboxylic acid groups
on the surface of the Pdots. The low probability of interaction
between Pdots and nitrotoluene compounds had led to low
FQRs. Therefore, Pdots-based detection had high selectivity for
nitrophenol compounds in aqueous solution. Similarly, if the
electron-rich polymers were used instead of Pdots in the
organic phase, there was a low probability of interaction
between the polymers and the nitrophenol compounds in that
the analytes could not easily be captured. In other words,
when the polymer-based detection method was used in the
organic phase, the FQRs were considerably lower than with the
Pdots-based detection method in the aqueous phase.

This mechanism could effectively explain the influence of
pH on the FQR of Pdots for the detection of nitrophenol com-
pounds. On the one hand, TNP was a strong acid (pKa = 0.62 ±
0.10) and the vast majority of TNP molecules could be ionized
and effectively captured by the carboxylic acid groups on the
surface of the Pdots within a wide range of pH and significant
fluorescence quenching would occur. Thereby, pH had little
influence on TNP detection by Pdots. ONP, MNP and PNP were
weak acids, and their pKa were 7.14 ± 0.14, 8.34 ± 0.10 and 7.23

Fig. 2 The influence of pH on the FQRs of Pdots-614 (30.0 μg mL−1) in
the presence of TNP (black solid squares), PNP (red solid circles), ONP
(blue solid triangles), MNP (green hollow squares), TNT (pink hollow tri-
angles) and NB (orange hollow circles) (20.0 μg mL−1). Buffer solution
and concentration, pH (4, 5): CH3COOH–CH3COONa (0.02 mol L−1); pH
(6–8): NaH2PO4–Na2HPO4 (0.02 mol L−1); pH (9–11): Na2CO3–

NaHCO3–NaOH (0.02 mol L−1).

Fig. 3 (a) Comparison of the FQRs of Pdots-614 (30.0 μg mL−1) in
aqueous solution, Polymer-614 (30.0 μg mL−1) in THF solution and Poly-
mers-mixture-614 (30.0 μg mL−1) in THF solution, in the presence of
nitroaromatics (20.0 μg mL−1). Digital photos of emission by Polymer-
614 (30.0 μg mL−1) in THF solution (b) and (c) and Pdots-614 (30.0 μg
mL−1) in aqueous solution (d) and (e) under 365 nm UV illumination, the
presence (b) and absence (c) of TNP with 15.0 μg mL−1 in THF solution;
the presence (d) and absence (e) of TNP with 15.0 μg mL−1 in aqueous
solution (pH = 9).
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± 0.13, respectively. Ionization of these compounds was greatly
inhibited in acidic solution. Only when the pH was rising,
more anions of the nitrophenol compounds could be gene-
rated, which could then be captured to interact with the Pdots
(Fig. 4a). Hence, the FQRs of Pdots for ONP, MNP and PNP
detection in alkaline solution were considerably higher than in
acidic solution. Moreover, the large number of carboxyl groups
on the surface of Pdots could also be ionized and generate car-
boxylate anions in strong alkaline solution. The repulsion
between the Pdots and nitrophenol compounds would be
enhanced, which led to a small decrease in the FQRs of the
Pdots. On the other hand, although ONP, PNP and MNP were
weak acids, the pKa of MNP was significantly higher than
those of ONP and PNP, which means that only a portion of the
molecules of MNP could be ionized in the alkalescent solu-
tion.13 As a result, the FQRs of Pdots for PNP and ONP detec-
tion were significantly increased.

Based on the analysis mentioned above, the FQRs of Pdots
for nitroaromatics detection in aqueous solution were not only
related to the number of anions via ionization, but also related
to the steric hindrance effect of carboxylic acids on the surface
of the Pdots. To further confirm this point, another two nitro-
phenol compounds, 3,5-dimethyl-4-nitrophenol (DMPNP) and
2-methyl-4-nitrophenol (MPNP), which had similar pKa values
to PNP, were detected by the Pdots-based method under the
same molar concentration (analytes 1 × 10−7 mol mL−1, pH =
9) (Fig. 4b). When they interacted with the carboxylic acids on
the surface of the Pdots, the molecules of DMPNP exhibited
stronger steric hindrance than the MPNP molecules and the
molecules of PNP exhibited the weakest steric hindrance of the

three nitrophenol compounds. To study the mechanism of the
interaction between the Pdots and the nitroaromatics, another
three nitroaromatics, o-nitrobenzoic acid (ONA), m-nitro-
benzoic acid (MNA) and p-nitrobenzoic acid (PNA), were
detected by Pdots (Fig. 4b). It was found that the FQRs of
Pdots-614 for the detection of the three nitrobenzoic acids
were also influenced by the steric hindrance effect. The pro-
posed mechanism was further confirmed to proceed via hydro-
gen bonding interactions between the Pdots and the
nitroaromatics. (ESI 5 and Fig. S14–S16†).

Among the nitroaromatics, TNP has good solubility in
water (12.7 g L−1) and is one of the main pollutants in ground-
water.14 The inset in Fig. 5a shows the evolution of the lumine-
scence spectra of the Pdots-614 water solution by increasing
the concentration of TNP. It could be found that the red fluo-
rescence centered at 614 nm was quenched step by step as the
TNP concentration increased from 0 to 20.0 μg mL−1. The
Pdots-614 offered good linearity (r = 0.9968) with a calibration
function of Q = 1.0003 − 0.03705C (μg mL−1) (n = 13, which
meant there were 13 experimental data on the linear plot) for
the TNP analysis (Fig. 5a). Herein, Q was the fluorescence

Fig. 4 (a) Illustration of the signal enhancement mechanism of Pdots
for the detection of nitrophenol compounds. (Taking PNP interaction
with Pdots as an example), (b) the FQRs of Pdots-614 for two types of
nitroaromatics under the same molar concentration (1 × 10−7 mol mL−1,
pH = 9). The pKa values were referred to the SciFinder Scholar Database.

Fig. 5 Calibration curves of FIRs versus TNP (a) and PNP (b) concen-
tration. Inset figures: Fluorescence evolution of Pdots-614 in aqueous
solution (30.0 μg mL−1), in the presence of various concentrations of
TNP (Inset a) and PNP (Inset b). Conditions: Pdots-614 (30.0 μg mL−1),
pH 9.0, Na2CO3–NaHCO3–NaOH (0.02 mol L−1) solution, λem/λex =
614 nm/430 nm.
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intensity ratio (FIR), which was the inverse of the FQR and
could be calculated by the equation, Q = I/I0. I0 and I were the
fluorescence intensities of the Pdots-614 solution before and
after the addition of nitroaromatics, respectively. According to
the above equation, the FIRs of the Pdots-614 decayed linearly
with increasing TNP concentration in the range of
0.20–20.0 μg mL−1 with a 3σ limit of detection of 97.2 ng
mL−1. Moreover, the σ was the standard deviation of the blank
measurements (n = 10).

As we know, PNP is another important intermediate for
preparation of a variety of biochemical reagents such as para-
cetamol and water sources are easily polluted in the process of
producing these intermediates.15 For the detection of PNP, the
evolution of the luminescence spectra of the Pdots-614 in the
presence of PNP with increasing concentration from 0 to
6.0 μg mL−1 was given (insert in Fig. 5b). Thereby, the 3σ limit
of detection (LOD) of PNP (18.8 ng ml−1) according to the
equation, Q = 0.9995 − 0.1490C (μg mL−1) (0.05–6.0 μg mL−1,
r = 0.9989, n = 11), was obtained. The LOD was considerably
lower than those in previous literature reports, in which the
fluorescence quenching method for PNP detection was
employed.16 The sensitivity of Pdots-614 for the detection of
PNP was significantly higher than that for the detection of
TNP. In addition, it was worth mentioning that the detection
process was very fast, less than 30 seconds. Therefore, a rapid
response and sensitive fluorescence quenching quantification
strategy based on Pdots for nitrophenol compounds detection
in the aqueous phase had been successfully developed.

The Pdots-based detection for nitroaromatics with Pdots/fiber
composite fluorescent test strips

Considering the convenience of the process of Pdots-based
method for detection, we had tried to develop a sensitive, por-
table and facile fluorescence paper sensor for nitroaromatics
analysis. For high molecular weight conjugated polymers, due
to their solubility problems, the polymer xerogel was difficult
to prepare using organogel. Therefore, filter papers had to be
soaked in an organic solution of light-emitting, high mole-
cular weight polymer to prepare test strips. However, the light-
emitting conjugated polymers usually had a rigid and planar
structure in the main chain, which would lead to strong stack-
ing/dipole–dipole interactions between emissive groups in the
solid state and then a large number of aggregates could gene-
rate.2a,17 As a result, significant fluorescence quenching would
occur owing to intermolecular excited-state processes such as
energy and electron transfer enabled in close-packed assem-
blies.18 The high brightness was beneficial to improve the
detecting sensitivity. Herein, the hyper-bright Pdots were
assembled with filter paper via hydrogen bonding by water
processing to acquire fluorescence test strips with high bright-
ness (Fig. 6a). In addition, the procedure for preparing test
strips was simple, convenient and eco-friendly. The filter paper
was soaked in the solution of Pdots for just 30 seconds, and
the whole process required only water as a solvent. As the
control group, the polymer/fiber composite test strips were
also prepared by the organic solution processing method (ESI

4.1†). As a result, the Pdots/fiber composite test strips dis-
played high fluorescence intensities while significant fluo-
rescence quenching was observed for the polymer/fiber
composite test strips (Fig. 6b, Fig. S12a†). Therefore, the
polymer/fiber composite test strips were not suitable for
detecting nitroaromatics because of the weak fluorescence
intensity. The QYs of Pdots/fiber and polymer/fiber composite
test strips were measured by a calibrated integrating sphere
(ISF-513). The QY of Pdots-614/fiber composite test strips
(19.5%) was considerably higher than those of Polymer-614/
fiber (3.2%) and Polymers-mixture-614/fiber (4.5%) composite
test strips. Similarly, the QY of Pdots-530/fiber composite test
strips (17.6%) was also considerably higher than those of
Polymer-528/fiber (4.1%) and Polymers-mixture-528/fiber
(6.2%) composite test strips. The results demonstrated that
Pdots assembled test strips could be a promising candidate as
sensitive sensors for nitroaromatics detection.

The micromorphology of Pdots/fiber composite test strips
and polymer/fiber composite test strips was observed by SEM
(Fig. 6c–f and Fig. S12b†). A large number of nanoparticles
with sizes of 40–80 nm were well composited on the surface of
the fiber (Fig. 6d). In contrast, large numbers of amorphous
particles with sizes from a few hundred nanometers to dozens
of microns were found on the surface of the polymer/fiber
composite test strips (Fig. 6e and f). These results further con-
firmed that Pdots-based processing in the aqueous phase was
an efficient, green and promising method for acquiring fluo-
rescence test strips with high brightness.

Fig. 6 (a) Schematic of the preparation of Pdots/fiber composite fluor-
escent test strips. (b) The emission spectra of Pdots-614/fiber and poly-
mers/fiber composite fluorescent test strips. The SEM images of filter
papers (c), Pdots-614/fiber (d), Polymer-614/fiber (e) and Polymers-
mixture-614/fiber (f ) composite fluorescent test strips.
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In order to investigate the colour fastness of the Pdots/fiber
composite test strips, the emission spectra of Pdots-614/fiber
composite test strips, after washing twice with water and then
after washing twice with ethanol/acetonitrile (v/v = 4 : 1), were
measured (Fig. S13†). There was little change in fluorescence
emission intensity of Pdots-614/fiber composite test strips
before and after washing, which indicated that Pdots/fiber
composite test strips were a type of stable and reliable fluo-
rescence paper sensor for nitroaromatics analysis.

To speed up the on-site detection of the nitroaromatics as
pollutants in aqueous solution, the test-strips-dipped method
was used for qualitative detection, in which the test strips were
dipped into an aqueous solution of nitroaromatics for
2 seconds (ESI 4.2†). To compare with the solution-method
and the test-strips-dipped method for nitroaromatics detec-
tion, FQRs were measured for both methods in the presence of
the same concentration of nitroaromatics (20 μg mL−1) (Fig. 7).
The results showed that the FQRs of Pdots-614 using the test-
strips-dipped method were higher than those recorded using
the solution-detection method. In particular for TNT, the FQR
of Pdots-614 was weak in aqueous solution, while the FQR of
Pdots-614 was significantly enhanced when the test-strips-
dipped method was used. This could be attributed to the
porous structure of the cellulose filter paper with many
hydroxyl groups, which would absorb and capture a large
number of nitroaromatics by hydrogen-bonding, thereby
increasing the material dimensions.3a,19 These results indi-
cated that Pdots/fiber composite test strips sensing for
nitroaromatics detection was fast, convenient and sensitive
and was also highly suitable for on-site detection.

To detect extremely small amounts of nitroaromatics in pol-
lutants or in the debris of explosions, nitroaromatics could be
extracted with a suitable solvent and then diluted to a required
volume followed by spot-testing using the test strips. To test
this possibility, contact mode detection was used for quantita-
tive detection according to the reported literature.6a,20 The
visual fluorescence responses of different nitroaromatics at
different concentrations by contact mode detection on test
strips (ESI 4.3†) are shown in Fig. 8a. Moreover, the fluo-
rescence spectral changes upon the addition of TNP for quan-
titative detection (ESI 4.4†) are shown in Fig. 8b. The change

of fluorescence quenching of the Pdots-614/fiber composite
fluorescent test strips could be visible to the unaided eye for
TNP detection under 365 nm UV light. The minimum fluo-
rescence quenching of Pdots-614/fiber composite fluorescent
test strips recognized by the unaided eye for TNP detection
under 365 nm UV light was 8.0 pg cm−2 (4 μL, 10−3 μg mL−1

TNP analyte solution spotted an area of ∼0.5 cm2), which
exhibited low concentration sensing for TNP. In another
experiment, a human thumb was rubbed with TNP and then
all visible TNP particles were brushed off, followed by pressing
the thumb against a test strip. The fingerprint of the thumb
could be seen as quenched fluorescence emission when illumi-
nated with 365 nm UV light (Fig. 8c). The experiment indi-
cated that the solid powder of nitroaromatic explosives such as
TNP could also be detected by Pdots/fiber test strips.

Finally, Pdots/silk films were obtained by a water processing
method (Fig. 8d). The composite films exhibited high bright-
ness and could also be applied for the detection of nitro-
aromatics, which proved that the Pdots could be composited
with other types of fiber such as silk. The results indicated
that Pdots would have a wide range of applications in fluo-
rescent composite material sensors.

Conclusions

In summary, we had successfully developed a new, rapid,
highly sensitive, selective and simple fluorescence detection

Fig. 8 (a) Image of the fluorescence quenching evolution of Pdots/
fiber composite fluorescent test strips versus nitroaromatics concen-
tration on contact mode (4 μL of the analyte drop onto the test strips
with a spot area of 0.5 cm2). (b) Fluorescence evolution of Pdots/fiber
composite fluorescent test strips versus TNP concentration on contact
mode (4 μL analyte solutions with different concentrations were
dropped onto the test strips with a spot area of 0.5 cm2). (c) Thumb
impression after rubbing with TNP crystals. (d) Pdots-614/silk composite
film sensor for visual detection by fingerprinting on the film using TNP
solution (0.1 mg mL−1) as ink. All images were taken under 365 nm UV
illumination.

Fig. 7 Comparison of FQRs using Pdots-614 to detect nitroaromatics
by two methods.
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method for nitroaromatics based on Pdots. The signal
enhancement effect had been found when Pdots were used as
ratiometric fluorescent sensors in the aqueous phase, com-
pared with using the corresponding polymers for nitroaro-
matics detection in the organic phase. The Pdots were easily
obtained via a one-pot strategy and had high QYs. Further-
more, the FQRs were proportional to the concentration of TNP
in the range of 0.2–20.0 μg mL−1 and the concentration of PNP
in the range of 0.05–6.0 μg mL−1 in aqueous solution and the
3σ limit of detection of PNP reached 18.8 ng mL−1.

Moreover, the hyper-bright and portable Pdots/fiber compo-
site fluorescent test strips were prepared by hydrogen bonding
and the Pdots-based-test-strips method had also proved to be a
rapid, sensitive and selective procedure for nitroaromatics
detection. In addition, our studies also revealed the signal
enhancement mechanism of the interaction between nitroaro-
matics and Pdots in aqueous solution. This opened up ample
scope for developing more convenient and better sensitive
fluorescent sensors and indicated that Pdots-based fluo-
rescence sensors would become promising candidates for
nitroaromatics detection.
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