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ABSTRACT: Detection of toxic formaldehyde (HCHO) pollutant in aqueous solutions is of significant importance, because HCHO
is widely found in aquatic food because of illicit addition or improper storage. Many small-molecule-based fluorescent probes, which
relies on HCHO-specific formaldehyde-amine condensation or aza-Cope rearrangement reaction, have been developed in terms of
facile operation and high selectivity. However, some primary challenging issues are the restricted sensitivity and long equilibrium
response time caused by slow chemical reaction between these small-molecule-based sensors and low-concentration HCHO pollutant
in testing samples. Herein, robust hydrophilic hydrazino-naphthalimide-functionalized chitosan (HN-Chitosan)-based polymeric
probe is reported, which takes advantage of specific chemical reaction between HCHO and grafted hydrazino-naphthalimide groups
to trigger “turn-on” fluorescence response. Superior to its small-molecule analogs, HN-Chitosan is based on random coil polymer
chains of biopolymeric chitosan, which is thus capable of employing the cooperative binding effect of multiple hydrazino-naph-
thalimide recognition sites and adjacent hydroxyl groups to “enrich” low-concentration HCHO pollutant around the polymer chains
via weak supramolecular interactions. Therefore, the HCHO-specific chemical reaction with grafted hydrazino-naphthalimide groups
is significantly accelerated, resulting in the unprecedented ultrafast equilibrium fluorescence response (less than 1 min) and high
sensitivity. Encouraged by its satisfying sensitivity, selectivity, fast response and wide linear detection range, we successfully expand
its application to real-world food and water analysis. In view of the modular design principle of our polymeric probe, the proposed
strategy could be generally applicable to construct powerful polymeric probes for ultrafast detection of other important pollutants.

As a notorious Category Al carcinogen, formaldehyde is
widely found in aquatic food because of illicit addition or im-
proper storage. - Besides, it is also heavily consumed in chem-
ical industry, resulting in some serious environmental water
pollution accidents. 2 Therefore, facile detection of formalde-
hyde is of significant interest in order to protect people far from
formaldehyde-polluted food and water samples. Nowadays,
great efforts have been devoted to the development of formal-
dehyde sensing methods, including electrochemical, optical and
biological sensors.2* Among them, fluorescence-based ap-
proaches, having advantages in terms of facile operation and
high sensitivity, are attracting increasing attention. Over the
past decade, a large number of elegant formaldehyde-sensing
fluorescent sensors have been reported, which take advantage
of the specific formaldehyde-amine condensation>*® or aza-
Cope rearrangement reaction?-? to realize highly selective de-
tection. However, there still remains some difficult challenges.
For example, most of these reported sensing materials are based
on water-insoluble small molecules bearing hydrophobic con-
jugated organic fluorophores. Therefore, the sensing experi-
ments have to be conducted in the volatile and toxic organic
solvent or mixed aqueous solutions, thus significantly restrict-
ing their practical applications. Another primary challenging is-
sue is the long equilibrium response time, which is believed to

be caused by the relatively slow chemical reaction between the
developed sensing molecules and low-concentration HCHO
pollutant at ambient conditions.

Polymeric probes are promising candidates to overcome the
limitations of these conventional small molecule-based ones. 2"
33 Specially designed polymeric sensing materials are typically
constructed by incorporating many functional binding sites in
the side chains or on the backbones. Therefore, polymeric
probes could take advantage of the cooperative effects of mul-
tiple recognition sites to bind the low-concentration analyte
more efficiently, resulting in desirable signal amplification and
fast fluorescence response.®-° Additionally, it is also quite easy
to incorporate hydrophobic sensing moieties into the water-sol-
uble functional polymers by simple post-modification or copol-
ymerization strategies, thus avoiding the use of toxic and vola-
tile organic solvent in detection experiments.3** However, alt-
hough numerous robust polymeric sensing materials have been
successfully constructed for a large number of environmental or
food pollutants,?” 41 little efforts have been done to develop
water-soluble and fast-response polymeric probes for formalde-
hyde.

ACS Paragon Plus Environment


mailto:tao.chen@nimte.ac.cn

oNOYTULT D WN =

ACS Sensors

Page 2 of 9

¢ HCHO ./ \ Chitosan Chain *;\'1
-

o Hydroxyl —

] group L=e

Figure 1. HCHO-sensing mechanism of the developed HN-Chitosan polymer probe. The probe design depends on the specific chem-
ical reaction between HCHO and hydrazino group to trigger “turn-on” fluorescence response of naphthalimide fluorophores. HN-
Chitosan is based on hydrophilic random coil polymer chains of biopolymeric chitosan grafted with a large density of hydroxyl groups
and hydrazino-naphthalimide recognition sites. Therefore, it is capable of taking advantage of the cooperative effect of multiple recog-
nition sites and adjacent hydroxyl groups to “enrich” low-concentration HCHO pollutant around the random coil polymer chains via
weak supramolecular interactions, resulting in ultrafast fluorescence response and high sensitivity.

In this work, we presented a robust hydrophilic polymeric
probe, the hydrazino-naphthalimide-functionalized chitosan
(HN-Chitosan) polymer, which enables ultrafast, selective and
sensitive detection of low-ppm-level HCHO pollutant in pure
water solutions. The probe design depends on the specific
chemical reaction between HCHO and hydrazino group to trig-
ger “turn-on” fluorescence response of naphthalimide fluoro-
phores (Figure 1).” However, unlike previously reported small-
molecule-based analogs, which involve only HCHO-triggered
chemical reaction at the molecular level, HN-Chitosan is based
on hydrophilic random coil polymer chains of biopolymeric
chitosan grafted with a large density of hydroxyl groups and
hydrazino-naphthalimide recognition sites (Figure 1). There-
fore, our polymeric probe is capable of taking advantage of the
cooperative effect of multiple recognition sites and adjacent hy-
droxyl groups to “enrich” low-concentration HCHO pollutant
around the random coil polymer chains via weak supramolecu-
lar interactions, thus significantly accelerating the chemical re-
action between HCHO and hydrazino-naphthalimide groups.
As a result, ultrafast fluorescence response (less than 1 min) and
high sensitivity are obtained, which represent a notable advance
in the field of HCHO detection because almost all the previ-
ously reported reaction-based probes suffer from long equilib-
rium response time (20~30 min). Moreover, HN-Chitosan is
also characterized with wide linear detection range and pretty
good photo-stability, which encouraged us to further expand its
application into real-world food and water analysis.

EXPERIMENTAL SECTION

Chemicals and Reagents. 4-Bromo-1,8-naphthalic anhy-
dride (98%) was obtained from Energy Chemical Co. Chitosan
(50-100 mpa.s, 0.5% Acetic acid at 20 °C) was purchased from
Tokyo Chemical Industry Co., LTD. DMSO (99%), methanol
(99.5%). hydrazine hydrate (85%), ethanol (99.7%), N-acetyl-

glycine (98%), sodium pyruvate (99%), chloral (99.5%), acet-
aldehyde (40%), calcium chloride (96%) and sodium chloride
(99.5%) were purchased from Shanghai Sinopharm Chemical
Reagent Co. L-cysteine (99%), L-arginine (99%), N-acetyl-cys-
teine (99%), Magnesium sulfate (99.5%) and Ferric chloride
hexahydrate (99%) were obtained from Sigma-Aldrich Com-
pany.

Instruments and Measurements. *H-NMR spectra were
conducted using Bruker Advance AMX-400 Spectrometer in
DCI, CF;COOD or DMSO-ds. ATR-FT-IR spectra were rec-
orded on Micro FT-IR (Cary 660+620). Fluorescence and UV-
Vis spectra were measured by Hitachi F-4600 Spectrofluorom-
eter (excitation at 440 nm for all fluorescence measure-ments)
and PerkinElmer Lambda 950 UV—vis—NIR spectrometer in a
10 mm path length cell, respectively.

Synthesis of HN-Chitosan. NBr-Chitosan was first synthe-
sized according to the reported method.* Briefly, under N, pro-
tection, 3.6 g chitosan and 0.4 g 4-bromo-1,8-naphthalic anhy-
dride were added into a 250 mL round-bottom flask containing
200 mL DMSO. After being stirred at 80 °C for 3 hours, the
reaction mixture was filtered immediately and washed with hot
DMSO to totally remove the unreacted 4-bromonaphthalic an-
hydride. After being subsequently washed by water and metha-
nol, NBr-Chitosan was obtained as a brown colored solid.

To obtain HN-Chitosan, the freshly prepared NBr-Chitosan
polymer (1.0 g) was mixed with 20 mL ethanol into a round-
bottom flask, 3. 8 mL hydrazine hydrate was then added to the
mixture. After being stirred at 80 °C for 4 h, the mixture was
cooled to room temperature and filtered to give a colored solid.
HN-Chitosan was finally obtained after being washed with eth-
anol. Other HN-Chitosan samples with different hydrazino-
naphthalimide contents could be facilely prepared by varying
the feed ratios.

HCHO detection in real-world food and water samples.
These food samples were bought from nearby supermarket.
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Their extracted aqueous samples were prepared by soaking 2.0
grams of chicken, 1.32 grams of salmon, and 1.68 grams of pork
in deionized water containing 0.1 M hydrochloric acid, respec-
tively. Water samples (0.1 M hydrochloric acid) were prepared
using tap water of Ningbo city, instead of deionized water. The
concentrated solutions of HN-Chitosan-3 was prepared by dis-
solving 83 mg polymer in 250 mL deionized water containing
0.1 M hydrochloric acid. In the measurement experiments, 1
mL HN-Chitosan-3 solution was first mixed with 1 mL pristine
extracted food or water samples at controlled conditions (25
°C). Then the fluorescence intensities of the mixed solutions
were measured. Experiments to measure the HCHO concentra-
tion in HCHO-polluted food and water samples were conducted
using a similar method.

RESULTS AND DISCUSSION

Synthesis of the HN-Chitosan polymer and the model
compound NAHN. As shown in Figure 2a, the hydrazino-
naphthalimide-functionalized chitosan (HN-Chitosan) polymer
was synthesized by a two-step chemical reaction starting from
the commercially available bio-based chitosan. Briefly, 4-
bromo-1,8-naphthalic anhydride is mixed with the chitosan sus-
pension in DMSO at elevated temperature to produce 4-bromo-
naphthalimide-functionalized chitosan, which then reacts with
excess hydrazine hydrate in ethanol to give the targeted HN-
Chitosan polymer. On the basis of the possible modulation of
the fluorescent features and formaldehyde-sensing ability via
changes in the content of hydrazino-naphthalimide moieties,
four HN-Chitosan samples were prepared by varying the feed

ratio. Table S1 and Table S2 summarize the preparation for-
mula of these four polymer samples. All of these four HN-
Chitosan samples are colored solid and their color gradually
darkens with an increase of the hydrazino-naphthalimide con-
tent (Figure 2b). HN-Chitosan-1~3 are readily soluble in hy-
drochloric acid solutions, while HN-Chitosan-4 bearing the
highest naphthalimide content is only slightly soluble. We have
tried to characterize the HN-Chitosan polymer by *H NMR
(Figure S1 and S2) and IR spectra (Figure S3). However, the
signal peaks of naphthalimide moieties are not evident because
of their quite low grafted density. Dialysis experiments were
then conducted, in which these purified HN-Chitosan polymers
are first dissolved in acid solutions and dialysed in dialysis bags
with molecular weight cut-off of 3500 Da for several days. It is
found that these polymer solutions still keeps highly colored,
suggesting that naphthalimide fluorogens have been covalently
grafted to chitosan polymer. Figure S4 depicts the normalized
UV-Vis spec-tra of HN-Chitosan-1~3 polymers, in which a
broad absorbance band ascribed to naphthalimide group was
observed around 400 nm, indicating successful functionaliza-
tion of naphthalimide fluorogens to chitosan polymer.* Ac-
cording to the UV-Vis absorbance using the reported method
(Figure S5 and S6), the bromonaphthalimide content of BrN-
Chitosan-3 and the hydrazino-naphthalimide content of HN-
Chitosan-3 were calculated to be 1.76 wt% and 1.10 wt%, re-
spectively. Therefore, the grafting rate of the bromo groups by
hydrazine groups in HN-Chitosan-3 is calculated to be 64.7%.
As a model compound, N-allyl-4-hydrazino-naphthalimide
(NAHN) was synthesized according to a similar two-step reac-
tion route (Figure 2c). Briefly, 4-bromo-1,8-naphthalic anhy-

08,00 OH
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OH OO HO Ofn O |n
o Br O N -0 H,N- NHZ O
HO N, —m™™
NH,
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Br Br NHNH,

4-bromo-1,8-naphthalic anhydride

NAHN

Figure 2. Synthetic procedures of the hydrazino-naphthalimide-functionalized chitosan (HN-Chitosan) polymers (a) and
the small-molecule model compound NAHN (c) as well as their photos taken under room light (b).
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Figure 3. (a) UV-Vis and (b) fluorescence spectra of aqueous HN-Chitosan-3 solutions (0.166 mg/mL) in the absence and presence
of 100 ppm HCHO. Inset images show their photos taken under room light and UV light at 365 nm, respectively. (c) Time-depend-
ent fluorescence intensity change of aqueous HN-Chitosan-3 solutions at 555 nm in the presence of HCHO ranging from 2~100
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dride is heated in ethanol solution of allyl amine to produce N-
allyl-4-bromo-naphthalimide, which is then treated with excess
hydrazine hydrate to give the model compound NAHN. As a
known compound, its chemical structure is characterized by H
NMR spectrum (Figure S7), which exhibits typical signal
peaks of naphthalimide (around 7~8 ppm) and allyl (4~6 ppm)
groups.

HCHO-Sensing Studies. To screen the polymer probe with
satisfying sensing property, the fluorescence response of these
HN-Chitosan polymers to HCHO was first studied. As shown
in Figure S8, the aqueous solutions of HN-Chitosan-1~3 at the
same concentration of naphthalimide moieties are nearly non-
fluorescent under a hand-held UV lamp at 365 nm. This is be-
cause there exists adjacent hydrazino groups to naphthalimide
moieties, which can act as strong fluorescence quenchers to the
naphthalimide fluorogens via a known PET (photoinduced elec-
tron transfer) process.”*? However, upon addition of trace
amount HCHO, “turn-on” fluorescence response is immedi-
ately observed for all samples (Figure S8), because the above-
mentioned PET process from hydrazine receptor to naph-
thalimide fluorophores will be significantly suppressed by the
fast chemical reaction between HCHO and hydrazine groups.
As summarized in Figure S8, HN-Chitosan-3 solution immedi-
ately exhibits intense emission enhancement and becomes
highly yellow-light-emitting in the presence of 100 ppm
HCHO, accompanying with noticeable UV-Vis absorbance and
color change under room light (Figure 3a). Nevertheless, aque-
ous solutions of HN-Chitosan-1 and HN-Chitosan-2 only emit

weak yellow light at given conditions. Therefore, the HN-
Chitosan-3

probe with the most remarkable fluorescence response was se-
lected as the typical example and subjected to systematical stud-
ies in this work.

Since the HCHO detection of the polymeric probe is reac-
tion-based, it is necessary to study the kinetic profiles in the
presence of HCHO. Therefore, the time-dependent fluorescence
response of HN-Chitosan-3 to HCHO were investigated. Typi-
cally, the experiments were conducted in covered cuvettes at
controlled conditions. Fluorescence spectra of the aqueous HN-
Chitosan-3 solutions were recorded at different time intervals
after the addition of HCHO. As expected, a remarkable fluores-
cence intensity enhancement was immediately observed after
the addition of ppm-level HCHO (Figure 3b). To our surprise,
its signal response is proved to be very fast. As shown in Figure
3c, the emission intensity of HN-Chitosan-3 probe quickly rises
and nearly levels off within only 1 min for aqueous HCHO so-
lutions of various concentrations (from 2 ppm to 100 ppm). It
should be noted that the developed HCHO-sensing HN-
Chitosan-3 polymer probe is of significant interest and repre-
sents a small but notable advance, because it usually takes about
30 min for most of its small-molecule analogs (Figure 4) (such
as the model compound NAHN and many other previously re-
ported probes?) to reach equilibrium fluorescence response. The
underlying reason for this uniquely ultrafast spectroscopic re-
sponse is believed to lie in the special chemical structure of the
HN-Chitosan-3 polymer probe, where a number of recognition
sites (hydrazino groups) and adjacent hydroxyl groups are
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—_ —_ )
5 for 3 oo | p
r —_ " Ve
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Figure 4. (a) lllustration of the HCHO-sensing mechanism of the model compound NAHN. (b) Time-dependent fluorescence
spectra of NAHN solutions in the presence of 20 ppm HCHO. (c) Time-dependent fluorescence intensity change of NAHN solu-

tions at 555 nm in the presence of 20 ppm HCHO.
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Figure 5. (a) 'H-NMR titration spectra of the model compound
NAHN with increasing amount of HCHO; (b) the chemical re-

action between HCHO and the NAHN compound.

grafted along the polymer chain. It is thus the cooperative effect
of these grafted multiple recognition sites that results in signif-
icantly enhanced binding efficiency of the HN-Chitosan-3 pol-
ymer towards HCHO. As a consequence, equilibrium spectro-
scopic response time of our polymer probe is significantly
shortened comparing with their small-molecule analogs.

To further verify the HCHO-sensing mechanism of the de-
veloped polymeric probes, *H-NMR titration experiments were
conducted. Considering the low resolution of polymeric spec-
tra, the small-molecule-based NAHN probe was used as a
model compound to record the *H-NMR titration spectra. As
can be seen in Figure 5, upon stepwise addition of HCHO, the
-NHj signal around 9.1 ppm gradually decreases and eventually
disappears. Meanwhile, a new signal ascribed to the —-N=CH,
group appears and significantly increase. Further evidence
comes from the *C NMR measurement, which shows a typical
signal peak of -N=CH;around 163.1 ppm (Figure S9). These
results, together with the above-mentioned fluorescence titra-
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I/l, = 4.795 x InC,,,, - 0.88
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T
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[
T
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Figure 7. (a) HCHO-concentration-dependent fluorescence
spectra of aqueous HN-Chitosan-3 solutions (0.166 mg/mL),
which were recorded 3 minutes after HCHO addition. (b) Fluo-
rescence intensity ratio (I/Io) of aqueous HN-Chitosan-3 solu-
tions (0166 mg/mL) at 555 nm versus the concentration of
HCHO in the range from 1-100 ppm. I/Io is defined as the ratio
of the emission intensity of HN-Chitosan-3 solution in the pres-
ence of HCHO to that of its pristine solution.
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Figure 6. Fluorescence intensity changes (at 555 nm) of the
polymeric probe HN-Chitosan-3 (0.166 mg/mL) in aqueous
solutions at different pH values in the absence (black dot) or
presence (red dot) of 100 ppm HCHO for 3 min.

tion experiments, clearly demonstrate that it is the chemical re-
action of HCHO and -NH, group that cause the remarkable
“turn-on” fluorescence response.

Next, pH-dependent kinetic studies were conducted in order
to screen the ideal conditions for HCHO detection. As summa-
rized in Figure 6, the study shows that the fluorescence re-
sponse of our polymeric probe is more favorable in acid condi-
tions to basic conditions. Remarkably, HN-Chitosan-3 is
proved to exhibit remarkable HCHO-triggered fluorescence en-
hancement over a wide pH range (from pH=1 to pH=6.5, see
Figure 3b and S10), suggesting the developed polymeric probe
holds great potential to work well at various testing conditions.
It should be noted that the HCHO-triggered fluorescence re-
sponse of HN-Chitosan-3 probe is more remarkable in acid con-
ditions than basic conditions. This is because that acid can
serves as catalysts to significantly accelerate the chemical reac-
tion between the grafted hydrazino-naphthalimide groups and
HCHO.” Based on these results, HCHO-concentration-
dependent fluorescence spectral changes of the HN-Chitosan-3
polymer probe were thus conducted at 0.1 M HCI (pH=1) solu-
tions, because 0.1 M HCI solutions are usually used to extract
the HCHO pollutant from real-world food samples. Herein, the
HCHO-concentration-dependent emission spectra of aqueous
HN-Chitosan-3 solutions were then recorded 3 min after for-
maldehyde addition. As summarized in Figure 7, the emission
intensities of aqueous HN-Chitosan-3 solution steadily increase
with higher HCHO concentration. The fluorescence response is
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Figure 8. (a) Fluorescence spectra of aqueous HN-Chitosan-3
solutions (0.166 mg/mL) in the presence of HCHO or other
possibly coexisting analytes as well as (b) their emission inten-
sities at 555 nm (1) blank; (2) FA; (3) Fe3™; (4) Ca>™; (5) NO;;
(6) Mg="; (7) C1°; (8) L-cysteine; (9) L-arginine; (10) N-acetyl-
cysteine; (1) N-acetylglycine; (12) sodium pyruvate; (13) chlo-
ral; (14) acetaldehyde; (15) NaClO.

so remarkable that nearly 10-fold emission intensity enhance-
ment is observed in the presence of only 100 ppm HCHO. The
developed polymeric sensor is also proved to be very sensitive,
as is evidenced by the fact that obvious emission intensity
change could be clearly observed in the presence of only 1 ppm
HCHO. Remarkably, its logarithmic linear detection range co-
vers nearly three orders of magnitude (ranging from 1~100
ppm), thus holding great potential to quantify the formaldehyde
concentration in various aqueous samples. The observed
logarithmic response is primarily attributed to the specially
designed chemical structure of the developed polymeric HN-
Chitosan-3 probe, where many sensing moieties (hydrazino
groups) are located along the polymer chain. In the presence of
low-concentration HCHO, the fast chemical reaction between
HCHO and the grafted sensing moieties will lead to fast
response enhancement. However, with the proceeding of the
reaction, the grafted sensing moieties are gradually consumed
and its concentration decreases accordingly. Therefore, the
chemical reaction speed gradually decreases even if the HCHO
concentration increases. As a result, the fluorescence intensity
of HN-Chitosan-3 rises rapidly and gradually reaches a plateau
with increasing HCHO concentration (Figure S11), thus
leading to a logarithmic linear relationship between
fluorescence intensity ratio of our probe and HCHO
concentration. According to According to the widely-accepted
method,*® the theoretical detection limit of our sensor was
calculated to be about 0.05 ppm (1.66 uM) using the following

(b)

Figure 9. (a) Fluorescence intensity ratio (I/lo) of HN-
Chitosan-3 solutions (0.166 mg/mL) at 555 nm for extracted
aqueous solutions of three commercially available food sam-
ples (chicken, bream and pork purchased from the supermar-
ket nearby) and tap water of Ningbo city. The HCHO concen-
tration in all the extracted solutions of these complex samples
is100 ppm. (b) Photos of these real-world food and water sam-
ples.

equation, which can be comparable with many reported
fluorescent probes (Table S3).

Detection Limit=30/slope=3*0.07969/4.795=0.05 ppm (1.66
uM); 6=0.07969 @))]
Furthermore, the sensing selectivity and photo-stability of
HN-Chitosan-3 polymer probe were studied. As summarized in
Figure 8, the results suggest that no significant fluorescence en-
hancement was observed for tens of potentially coexisting in-
terfering compounds, including some common aldehyde com-
pounds and many other possibly coexisting chemical species in
real-world food and water samples (e.g. Fe*, Ca?*, NO; , Mg?*,
Cl , L-cysteine, L-arginine, N-acetyl-cysteine, N-acetylgly-
cine, sodium pyruvate, chloral and acetaldehyde). These inves-
tigations clearly demonstrate the quite good selectivity of our
polymer probe. Further studies show that the emission intensi-
ties of aqueous HN-Chitosan-3 solutions keep nearly constant
under given measurement conditions (placed in air or after irra-
diation at 440 nm for 25 min), indicating the pretty good photo-
stability of the developed polymer probe in air or under irradia-
tion (Figure S12 and S13). More remarkably, it is found that
the HCHO concentrations determined by HN-Chitosan-3 poly-
mer probe, despite being a bit higher (Figure S14), could still
be comparable with those obtained by the well-known pararo-
saniline colorimetric method*” within experimental error, sug-
gesting great potential applications of our polymeric probes.
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Detection of HCHO in real-world water and food samples.
Encouraged by the satisfying HCHO-sensing sensitivity, selec-
tivity, wide linear detection range and photo-stability of the de-
veloped HN-Chitosan-3 polymer probe, we try to test its possi-
bility to measure the concentration of this pollutant in the com-
plex real-world water and food samples. Herein, we selected tap
water of Ningbo city and extracted aqueous solutions of three
commercially available food samples (chicken, bream and pork
purchased from the supermarket nearby) as typical examples.
As can be seen from Figure 9, quite good consistency was ob-
tained, demonstrating that the matrix effect of these water and
food samples is negligible. These results are quite encouraging,
suggesting the potentially wide and practical application of the
developed polymeric sensor.

CONCLUSIONS

We have presented a hydrophilic hydrazino-naphthalimide-
functionalized chitosan polymer (HN-Chitosan) for HCHO de-
tection, which is based on the HCHO-induced specific chemical
reaction to trigger “turn-on” fluorescence response of naph-
thalimide fluorophores. By taking advantage of the cooperative
binding effect of the grated multiple recognition sites and adja-
cent hydroxyl groups, HN-Chitosan is proved to be highly sen-
sitive to ppm-level HCHO pollutant in aqueous solutions with
ultrafast equilibrium response time (less than 1 min). This rep-
resents a notable advance in the field of HCHO detection be-
cause it usually takes 20~30 minutes for its small-molecule an-
alogs to reach emission equilibrium. Moreover, HN-Chitosan
is characterized with wide linear detection range (1~100 ppm)
and pretty good photo-stability. Especially, it is capable of
quantifying the HCHO concentration is many real-world food
and water samples, suggesting its huge potential practical appli-
cation. Furthermore, in view of the modular design principle of
HN-Chitosan, the proposed strategy could be generally applica-
ble to construct powerful polymeric chemosensors for ultrafast
detection of other important pollutants in the future.
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