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scent probes as ‘turn-off’ sensors
for the selective detection of Cr6+ and Fe3+ ions

Jiefa Shen,†a Jialing Mao,†b Xinlan Ding,†c Chengze Wu,c Shenghu Yan,*a

Sai Zhang *a and Yue Zhang*ab

Two novel aggregation-induced emission (AIE) probes were synthesized via Suzuki coupling for the

detection of toxic metal ions. Comprehensive characterization confirmed their structures and purity.

Both compounds exhibited strong AIE behavior, providing a highly emissive platform in aqueous

environments. These probes function as highly sensitive and selective ‘turn-off’ fluorescent sensors for

Cr6+ and Fe3+ ions, respectively, via a distinct fluorescence quenching mechanism. Their robust

response, even in the presence of competing ions, underscores their potential as reliable tools for

environmental monitoring. This work highlights the utility of AIEgens as stable fluorescent platforms for

designing efficient sensors for critical metal ions.
1 Introduction

The advancement of uorescent sensors has revolutionized
chemical and environmental analysis, providing powerful tools
for the rapid and selective detection of hazardous metal ions.1

Among these, chromium(VI) (Cr6+) and iron(III) (Fe3+) are of
critical concern due to their signicant environmental and
biological impacts. Cr6+, a pervasive pollutant from industrial
processes, is a known human carcinogen and genotoxic agent,
posing severe risks to human health and ecosystems.2

Conversely, Fe3+ is an essential nutrient involved in oxygen
transport and enzyme catalysis, but its dysregulation can lead to
oxidative stress, organ damage, and its implication in various
diseases.3 Despite their importance, the simultaneous or indi-
vidual detection of these specic ions using a single molecular
platform remains a signicant challenge and is relatively rare in
the literature, primarily due to interference from other preva-
lent metal ions and the difficulty in designing probes with
distinct binding preferences.4

The emergence of aggregation-induced emission (AIE) has
provided a transformative strategy for designing high-
performance uorescent materials,5 overcoming the limita-
tions of traditional uorophores that suffer from aggregation-
caused quenching (ACQ). The pioneering work of Prof. Ben
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Zhong Tang and others established that AIE-active molecules
exhibit enhanced emission upon aggregation, attributed to the
restriction of intramolecular motions (RIM).6 This unique
property allows for the creation of highly stable and sensitive
“turn-on” or ratiometric sensors capable of operating effec-
tively in aqueous or aggregated states, which is ideal for envi-
ronmental and biological applications.7 Recent research
continues to exploit AIEgens for metal ion sensing, demon-
strating their unparalleled advantages in terms of signal
amplication, photostability, and applicability in complex
matrices.8

Synthetic strategies such as Suzuki–Miyaura coupling have
been widely employed to construct complex p-conjugated AIE
luminogens (AIEgens) with tailored photophysical properties
and binding sites.9 These reactions enable the precise assembly
of diverse biaryl and heteroaryl architectures, allowing for the
systematic tuning of electronic structures and the incorporation
of specic ion-recognition motifs.10

In this study, we address the challenge of detecting Cr6+

and Fe3+ by designing and synthesizing two novel AIE-active
probes via Suzuki coupling. The strategic molecular design
incorporates benzothiadiazole and thiophene cores, known
for their electron-accepting and rigidifying properties,
coupled with amide-functionalized chiral ligands to enhance
selective metal ion coordination. We demonstrate that these
probes exhibit pronounced AIE behavior and serve as highly
sensitive and selective sensors for Cr6+ and Fe3+ ions, respec-
tively. Their distinct and robust uorescence responses, even
in the presence of competing ions, highlight their potential as
reliable tools for environmental monitoring and toxic metal
detection, offering a new approach to a persistent analytical
problem.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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2 Experimental sections
2.1. Materials and physical measurements

All chemical reagents and solvents were commercially available
from Energy Chemical Co., Ltd (Shanghai, China) and of
analytical grade. They were used as received without further
purication unless otherwise stated. Deionized water was used
for all experiments.

2.1.1 Nuclear magnetic resonance (NMR) spectroscopy. 1H
NMR spectra were recorded at 400 MHz on a Bruker Avance III
spectrometer. Chemical shis (d) are reported in parts per
million (ppm) relative to the residual solvent peak (CDCl3: d 7.26
ppm). Coupling constants (J) are reported in Hertz (Hz).

2.1.2 Mass spectrometry. Electrospray ionization mass
spectra (ESI-MS) were acquired on a Thermo Fisher LCQ Fleet
mass spectrometer.

2.1.3 UV-vis spectroscopy. Ultraviolet-visible (UV-vis)
absorption spectra were measured on a Shanghai Lengguang
759S spectrophotometer using quartz cuvettes with a 1 cm path
length.

2.1.4 Fluorescence spectroscopy. Steady-state uorescence
emission and excitation spectra were determined on a Shanghai
Lengguang F98 uorophotometer. A 1 cm path length quartz
cuvette was used for all measurements. The slit widths for both
excitation and emission were set to 5.0 nm unless specied
otherwise.

2.1.5 General procedure for AIE studies. The aggregation-
induced emission (AIE) properties were investigated in tetra-
hydrofuran (THF)/water mixtures. A stock solution of each
probe (1 mM) was prepared in THF. Aliquots of this stock
solution were added to cuvettes containing THF/water mixtures
with varying water fractions (f_w, 0–90% v/v), maintaining
a nal probe concentration of 10 mM. The solutions were vor-
texed thoroughly and allowed to stand for 2 minutes before
measurement to ensure aggregate formation.

2.1.6 General procedure for metal ion sensing. Stock
solutions of metal perchlorate or chloride salts (10 mM) were
prepared in deionized water. For UV-vis and uorescence
titration experiments, a stock solution of the probe (20 mM) was
prepared in a PBS buffer (20mM, pH 7.4)/THFmixture (1 : 1, v/v)
to ensure the probes were in an aggregated, AIE-active state.
Aliquots of the metal ion stock solutions were then added
incrementally to a xed volume of the probe solution. The
solutions were mixed thoroughly and incubated for 1 minute at
room temperature before each measurement. For all titration
experiments, the inherent absorption of the metal ion solutions
Fig. 1 Synthetic procedure of probe 3 and probe 5.

© 2025 The Author(s). Published by the Royal Society of Chemistry
at the excitation wavelength was eliminated by using a matched
reference cell containing an identical concentration of the
metal ion in the same solvent system for baseline correction. All
experiments were performed at room temperature (25 ± 1 °C)
(Fig. 1).

For all UV-vis and uorescence titration experiments, the
inherent absorption of the metal ion solutions was eliminated
by using a matched reference cell containing an identical
concentration of the metal ion in the same solvent system for
baseline correction. For all uorescence-based sensing experi-
ments (Fig. 3–7), the probes were dissolved in a PBS buffer
(20 mM, pH 7.4)/THF mixture (1 : 1, v/v).
2.2. Preparation of probe 3 and 5

The synthesis of compound 2 was carried out based on a previ-
ously published protocol.10f Compounds 1 and 4 were procured
from commercial suppliers and utilized without further
purication.

2.2.2 Synthetic procedure of proble 3. A 50 mL oven-dried
round-bottom ask was lled with 4,7-dibromobenzo[c][1,2,5]
thiadiazole 1 (294 mg, 1 mmol, 1 equiv.), (R)-(4-((1-phenylethyl)
carbamoyl)phenyl)boronic acid (807 mg, 3 mmol, 3.0 equiv.) 2,
Pd(PPh3)4 (57.7 mg, 0.05 mmol), the round-bottom ask was
lled with 3 mL H2O and 15 mL THF. Argon was added aer the
round bottom ask had been vacuum-degassed. Then, for more
than 48 hours, it was heated at 88 °C. Then, 150 mL H2O was
added, the mixture was extracted with 3 × 100 mL EA. The
organic phase was combined and dried with anhydrous Na2SO4.
The solvent was removed under reduced pressure, crude
product was then puried using ash chromatography on silica
gel (petroleum ether : EA, 5 : 1, v/v) to yield probe 3 as a yellow
solid (274 mg, 47% yield). ESI-MS: m/z = 583.77 [M + H+].

2.2.3 Synthetic procedure of probe 5. A 50 mL oven-dried
round-bottom ask was lled with 2,5-dibromothiophene 4
(242 mg, 1 mmol, 1 equiv.), (R)-(4-((1-phenylethyl)carbamoyl)
phenyl)boronic acid (807 mg, 3 mmol, 3.0 equiv.) 2, Pd(PPh3)4
(57.7 mg, 0.05 mmol), K2CO3. The round-bottom ask was lled
with 3 mL H2O and 15 mL THF. Argon was added aer the
round bottom ask had been vacuum-degassed. Then, for more
than 48 hours, it was heated at 88 °C. Then, 150 mL H2O was
added, the mixture was extracted with 3 × 100 mL EA. The
organic phase was combined and dried with anhydrous Na2SO4.
The solvent was removed under reduced pressure, crude
product was then puried using ash chromatography on silica
gel (petroleum ether : EA, 5 : 1, v/v) to yield probe 3 as a yellow
solid (211 mg, 40% yield). ESI-MS: m/z = 531.29 [M + H+].
3 Results and discussions

The aggregation-induced emission (AIE) characteristics of
probes 3 and 5 were systematically investigated by monitoring
their uorescence emission spectra in THF/water mixtures with
increasing water fractions (fw) (Fig. 2). Both probes exhibited
typical AIE behavior. In pure THF, a good solvent, both probes
showed weak uorescence emission due to active intra-
molecular rotations (IMR), a non-radiative decay pathway.
RSC Adv., 2025, 15, 35460–35467 | 35461
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Fig. 2 (A) Fluorescence emission spectra of probe 3 in THF excited by
310 nm at different water fractions. (B) Fluorescence emission spectra
of probe 5 in THF excited by 310 nm at different water fractions.

Fig. 3 (A) UV absorption spectra of 3 (1 mM) with various metal ions
(0.1 mM). (B) UV absorption spectra of 5 (1 mM) with various metal ions
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As the water fraction increased, the uorescence behavior of
both probes was consistent with the classic AIE phenomenon.
In the THF-rich mixtures (fw < 80%), the probes were likely well-
dissolved, and active intramolecular rotations led to weak
emission. A distinct and pronounced “turn-on” response was
triggered upon reaching a critical water fraction (fw = 80–90%),
where aggregate formation occurs. For probe 3 (Fig. 2A), the
uorescence intensity at around 460 nm increased dramatically,
with the maximum intensity at fw = 90%. Similarly, probe 5
(Fig. 2B) exhibited a signicant enhancement in emission
intensity, culminating at fw = 90%. This sharp enhancement at
high water fractions is a hallmark of AIE and conrms that
aggregation effectively restricts molecular motion, suppressing
non-radiative decay and promoting radiative transition. To
provide direct evidence for nanoparticle formation as the cause
of the observed emission enhancement, we characterized the
aggregates of probes 3 and 5 using dynamic light scattering
(DLS). The DLS measurements conrmed the formation of well-
dispersed nano-aggregates with average hydrodynamic diame-
ters of 3100 nm for probe 3 and 2100 nm for probe 5 (Fig. S3 and
S4) in THF/DI water mixture (50 : 50). In contrast, no signicant
particles were detected in pure THF solutions. This correlation
between the emergence of nano-sized particles and the
dramatic uorescence enhancement provides conclusive proof
of the AIE phenomenon for both probes, rmly supporting the
restriction of intramolecular motion (RIM) mechanism within
the aggregated state.
35462 | RSC Adv., 2025, 15, 35460–35467
This emission enhancement is attributed to the restriction of
intramolecular rotation (RIR) and vibration (RIV) upon aggre-
gate formation in the water-rich, poor-solvent mixture. The
aggregates restrict the molecular motion, suppressing non-
radiative decay pathways and promoting radiative transition.
The pronounced, discrete ‘off-on’ switching behavior at high
water fractions conrms the successful design of both probes as
AIE-active luminogens (AIEgens). This property is crucial for
their application in aggregated or solid-state sensing environ-
ments, as it reduces solvent interference and improves signal
stability.

The UV-visible spectra of probes 3 and 5 reveal distinct
absorption characteristics, with lmax values of 367 nm and
313 nm, respectively. Upon the introduction of various metal
ions, noticeable variations in their respective absorption bands
were observed (Fig. 3A and B). In the case of probe 3, the
absorption band exhibited a marked enhancement in intensity
when exposed to Cr6+ ion solutions, accompanied by
a pronounced tailing phenomenon (Fig. 3A). This enhancement
suggests a strong interaction between the probe and Cr6+ ions,
indicative of potential sensing capabilities. Moreover, probe 5
displayed a similar trend; its absorption band also intensied
signicantly upon the addition of Cr6+ ions, with a tailing effect
that closely resembled that of probe 3.

To improve the detection of metal ions, we conducted
further investigations utilizing uorescence emission tech-
niques. As illustrated in Fig. 4A, probe 3 was excited at various
wavelengths ranging from 280 nm to 440 nm. The data revealed
that the peak emission intensity was consistently observed at
(0.1 mM).

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 (A) Fluorescence emission spectra of probe 3 excited by
different excited wavelengths. (B) CIE 1931 coordinates of probe 3. (C)
Fluorescence emission spectral behavior of probe 3 (1 mM) with various
metal ions (0.1 mM). (D) Concentration-dependent fluorescence
emission spectra of probe 3 on the addition of various amounts of Cr6+

(0–1.2 mM) in PBS buffer (20 mM, pH 7.4) solution (THF). Inert: exci-
tation wavelength is 390 nm.

Fig. 5 (A) Fluorescence emission spectra of probe 5 excited by
different excited wavelengths. Inert: 1 mM. (B) CIE 1931 coordinates of
probe 5. (C) Fluorescence emission spectral behavior of probe 5 (1 mM)
with various metal ions (0.1 mM). (D) Concentration-dependent fluo-
rescence emission spectra of probe 3 on the addition of various
amounts of Cr6+ (0–1.2 mM) in PBS buffer (20 mM, pH 7.4) solution
(THF/PBS = 1 : 9, v/v). Inert: excitation wavelength is 390 nm. (E)
Concentration-dependent fluorescence emission spectra of probe 5
on the addition of various amounts of Fe3+ (0–1.2 mM) in PBS buffer
(20 mM, pH 7.4) solution (THF/PBS = 1 : 9, v/v). Inert: excitation
wavelength is 390 nm.
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approximately 460 nm, irrespective of the excitation wave-
length. This nding indicates a uniform emission prole across
the excitation range, with corresponding luminescent chroma-
ticities close to (0.14374, 0.14249) (Fig. 3B). Subsequently, we
selected an excitation wavelength of 390 nm and proceeded to
examine the effects of different metal ions at equivalent
concentrations. Notably, the addition of Cr6+ ions resulted in
a pronounced quenching phenomenon within the solution of
© 2025 The Author(s). Published by the Royal Society of Chemistry
probe 3. This quenching effect was signicantly more prom-
inent than that observed with other metal ions, as demon-
strated in Fig. 3C. The stark contrast in quenching behavior
underscores the unique interaction between probe 3 and Cr6+,
suggesting that probe 3 can serve as a sensitive indicator for
chromium detection. To further assess the sensitivity of the
uorescence response, we systematically measured the emis-
sion spectra of probe 3 in the presence of varying concentra-
tions of Cr6+ ions. Our results indicated a stepwise quenching of
emission intensity as the concentration of Cr6+increased, with
a notable decrease in uorescence intensity observed as
concentrations approached 1.2 mM (Fig. 4D). This concentration
threshold signies the limit at which probe 3 remains sensitive
to Cr6+ ion interactions, revealing its potential application in
detecting chromium levels in sample matrices.

In our investigation of probe 5, we measured the emission
spectra when excited by various wavelengths ranging from
280 nm to 420 nm. The behavior of probe 5 differs signicantly
from that of probe 3. Notably, we observed a pronounced uo-
rescence red shi in probe 5, which is evident in both the
RSC Adv., 2025, 15, 35460–35467 | 35463

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5ra05760d


RSC Advances Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
Se

pt
em

be
r 

20
25

. D
ow

nl
oa

de
d 

on
 6

/1
2/

20
26

 5
:1

3:
58

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
spectral shapes and the X-coordinates corresponding to the
peak photoluminescence (PL) intensities (Fig. 5A). This shi
indicates a variation in the electronic environment surrounding
the probe, suggesting potential interactions that inuence its
uorescent properties. Additionally, the chromatic transitions
were further characterized using specic chromatic coordi-
nates. The coordinates derived from different excitation wave-
lengths—(0.22253, 0.16824) for 280 nm, (0.18278, 0.09132) for
310 nm, (0.15462, 0.13948) for 400 nm, and (0.1643, 0.25446) for
410 nm—reect the signicant changes occurring in the emis-
sion prole of probe 5 (Fig. 5B). This chromatic analysis high-
lights the sensitivity of the probe's emission characteristics to
varying excitation wavelengths.

To evaluate the effectiveness of probe 5 in metal ion detec-
tion, we introduced solutions containing various metal ions
into the system. Upon adding Cr6+ and Fe3+ ions, we docu-
mented observable quenching phenomena. Specically, the
Fig. 6 (A) PL intensity changes of probe 3 (1 mM) after adding Cr6+ in
the presence of various test cations in THF. (1) Blank; (2) Ba2+, (3) Ca2+;
(4) Cr3+; (5) Cu2+; (6) Fe3+; (7) Hg2+; (8) K+; (9) Mg2+; (10) Mn2+; (11) Na+;
(12) Ni2+; (13) Pb2+; (14) Zn2+. (B) PL intensity changes of probe 5 (1 mM)
after adding Cr6+ in the presence of various test cations in THF. (1)
Blank; (2) Ba2+, (3) Ca2+; (4) Cr3+; (5) Cu2+ (6) Fe3+; (7) Hg2+; (8) K+; (9)
Mg2+; (10) Mn2+; (11) Na+; (12) Ni2+; (13) Pb2+; (14) Zn2+. (C) PL intensity
changes of probe 5 (1 mM) after adding Fe3+ in the presence of various
test cations in THF. (1) Blank; (2) Ba2+, (3) Ca2+; (4) Cr3+; (5) Cr6+; (6)
Cu2+; (7) Hg2+; (8) K+; (9) Mg2+; (10) Mn2+; (11) Na+; (12) Ni2+; (13) Pb2+;
(14) Zn2+.

35464 | RSC Adv., 2025, 15, 35460–35467
addition of Cr6+ ions resulted in a reduction of approximately
one-third of the PL intensity, while the presence of Fe3+ ions
caused a more substantial quenching, exceeding 50% of the
initial intensity (Fig. 5C). This differential response suggests
that probe 5 has a higher affinity for Cr6+ ions compared to
Fe(III), thus demonstrating its potential for selective sensing
applications.

We also conducted concentration-dependent uorescence
emission measurements for probe 5 while systematically
varying the concentrations of Cr6+ and Fe3+ions. As illustrated in
Fig. 5D, the PL intensity exhibited signicant quenching at
concentrations as low as 0.2 mM for Cr6+ions, and further
quenching was observed as the concentration approached 0.8
mM, ultimately leading to a near-complete reduction of emis-
sion intensity. This pronounced sensitivity at low concentra-
tions underscores the feasibility of utilizing probe 5 for the
detection of Cr6+ in environmental samples. Conversely, while
Fe3+ ions similarly induced quenching, the response was less
sensitive compared to that of Cr6+. The emission intensity of
probe 5 indicated noticeable quenching only upon the addition
of Fe3+ ions at concentrations up to 1.4 mM, indicating a lower
affinity or weaker interaction with this metal ion. Nevertheless,
the ability of probe 5 to exhibit uorescence quenching in
response to both ions signies its potential utility in sensing
applications, albeit with differing sensitivities towards each
metal.

These ndings allow us to conclude that probe 5 demon-
strates a signicant capacity for metal ion detection, particu-
larly for Cr6+ ions, characterized by dramatic changes in
emission intensity upon ion addition. The unique uorescence
properties, including the observable red shi and chromatic
transitions, further complement its applicability in analytical
chemistry. Future investigations will delve deeper into opti-
mizing the probe's structure for enhanced sensitivity and
selectivity, as well as exploring its performance in complex
matrices relevant to environmental monitoring.

This distinctive optical characteristics exhibited by probe 5,
coupled with its responsiveness to metal ion interactions,
present a promising avenue for developing advanced sensing
materials. The results of this study contribute to the ongoing
efforts in the eld of environmental detection technologies,
aiming to provide effective tools for the continuous monitoring
of toxic metal ions such as Cr6+.

In the realm of environmental monitoring and analytical
chemistry, the development of selective sensors is paramount,
particularly for the detection of hazardous metal ions such as
chromium (Cr6+) and iron (Fe3+). This study investigates the
performance of two specic probes, probe 3 and probe 5, in
their ability to selectively detect these metal ions amidst
a complex mixture of competing species. As illustrated in
Fig. 5A and B, both probe 3 and probe 5 demonstrate promising
detection capabilities for Cr6+ and Fe3+, showcasing strong
selectivity even when subjected to competitive conditions
involving various metal ions. The selectivity of a sensor is crit-
ical for effective detection, as the presence of interfering ions
can compromise the accuracy and reliability of the results.
© 2025 The Author(s). Published by the Royal Society of Chemistry
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For probe 3, the selectivity remains robust when mixed with
a variety of other metal ions (Fig. 3A), indicating its potential for
application in real-world scenarios where multiple analytes
coexist. The data suggest that probe 3 can effectively distinguish
between Cr6+ and other metal ions, enhancing its utility in
environmental assessments and analyses. In contrast, while
probe 5 also demonstrates substantial selectivity for Cr6+ in
isolation, it exhibits lower sensitivity compared to probe 3.
Notably, when probe 5 is exposed to a mixture of Cr6+ and Fe3+,
its selectivity for Cr6+ diminishes signicantly (Fig. 5B). This
loss of selectivity raises concerns regarding the reliability of
probe 5 under competitive conditions, emphasizing the
importance of sensitivity in achieving high-performance sensor
capabilities. Furthermore, when assessing the detection of Fe3+,
probe 5 shows a marked improvement in selectivity relative to
its performance with Cr6+. Even in the presence of both Cr6+ and
Fe3+, the ability of probe 5 to preferentially detect Fe3+ remains
evident, as indicated by the clear response observed in the
measurements. This distinction highlights the differing affini-
ties of the probes for each metal ion, revealing the complex
interplay between ion specicity and sensor response.

While both probe 3 and probe 5 exhibit signicant potential
for detecting Cr6+ and Fe3+ ions, the performance characteris-
tics differ considerably. Probe 3 is characterized by its strong
overall selectivity and sensitivity, making it a promising candi-
date for detecting Cr6+ in mixed solutions. Conversely, probe 5,
despite its ability to detect Fe3+ with greater selectivity under
competitive conditions, experiences a notable decrease in the
sensitivity and selectivity toward Cr6+. This comparison eluci-
dates the critical attributes required for effective sensor design,
particularly in applications involving environmental moni-
toring where the presence of multi-metallic ions is common.
Future research should focus on enhancing the selectivity and
sensitivity of probe 5 for Cr6+ detection, possibly through
structural modications or optimization of the sensing envi-
ronment, to broaden its applicability and reliability in complex
matrices.

To further validate the selectivity of probe 5 and rule out
potential interference from counter anions, we investigated its
uorescence response to various metal ions mixed with probe 5
Fig. 7 PL intensity changes of probe 5 (1 mM) after adding Fe3+ and
Cr6+ in the presence of various test cations in THF. (1) Blank; (2) Ba2+,
(3) Ca2+; (4) Cr3+; (5) Cu2+; (6) Hg2+; (7) K+; (8) Mg2+; (9) Mn2+; (10) Na+;
(11) Ni2+; (12) Pb2+; (13) Zn2+.

© 2025 The Author(s). Published by the Royal Society of Chemistry
solution containing Fe3+ and Cr6+. As depicted in Fig. 7, the
quenching efficiency of probe 5 remained consistent and
pronounced upon addition of different Fe3+ and Cr6+, even in
the presence of a competitive background of common cations
(Ba2+, Ca2+, Cr3+, Cu2+, Hg2+, K+, Mg2+, Mn2+, Na+, Ni2+, Pb2+,
Zn2+). The negligible variation in the photoluminescence (PL)
intensity changes conrms that the observed quenching is
a specic result of cation recognition (Fe3+ or Cr6+) and is
independent of the associated anion. This robust performance
across different combinations underscores the reliability of
probe 5 for detecting the target metal ions in complex envi-
ronments where various anions could be present, signicantly
strengthening the case for its practical application in environ-
mental sensing.

The selective uorescence quenching observed for probes 3
and 5 upon binding with Cr6+ and Fe3+ is rationalized by
a combination of photophysical mechanisms, primarily
photoinduced electron transfer (PET) and internal charge
transfer (ICT). The molecular architecture of both probes is
built on a donor–p–acceptor (D–p–A) framework. The benzo-
thiadiazole core (in 3) or the thiophene core (in 5) serves as
a strong electron-accepting (A) unit, which is conjugated to the
amide-functionalized aromatic groups that act as electron-
donating (D) moieties. This D–p–A design facilitates an effi-
cient ICT transition, which is responsible for the probes'
intrinsic uorescence in their unbound state.

We propose that coordination with the highly Lewis acidic
target metal ions (Cr6+ or Fe3+) occurs primarily through the
lone pairs of electrons on the carbonyl oxygen atoms of the
amide groups. For probe 3, additional weak coordination with
the nitrogen atoms of the benzothiadiazole core is also plau-
sible. This binding event signicantly perturbs the electronic
structure of the probe. Themetal ion, acting as a potent external
electron acceptor, enhances the overall electron-withdrawing
strength of the acceptor unit. This is consistent with the
observed red-shi and tailing in the UV-vis absorption spectra
(Fig. 3), indicative of a altered ICT character.

More critically, this coordination opens a highly efficient
non-radiative deactivation pathway via PET. Upon photoexcita-
tion, an electron from the excited state of the uorophore is
transferred to the vacant, low-lying d-orbitals of the coordinated
metal ion (Cr6+). This process effectively quenches the uores-
cence by preventing radiative recombination. The superior
selectivity for Cr6+ and Fe3+ over other tested ions is attributed
to their high oxidation state, strong electron affinity (high Lewis
acidity), and optimal binding geometry with the pre-organized,
chelating amide-based ligand environment, which thermody-
namically and kinetically favors this PET process.

4 Conclusions

In conclusion, we have successfully developed two novel AIE-
gens that function as highly sensitive and selective ‘turn-off’
uorescent probes for the detection of Cr6+ and Fe3+ ions. The
strategic molecular design, featuring rigid p-conjugated cores
and amide-based recognition units, endows these probes with
excellent AIE characteristics and a robust quenching response
RSC Adv., 2025, 15, 35460–35467 | 35465
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via a PET mechanism, even in competitive environments. This
work underscores the signicant potential of tailored AIE-active
platforms for environmental monitoring of toxic metal ions.
Building on this foundation, our future research will focus on
leveraging multicomponent reactions11 to efficiently construct
more sophisticated AIEgens. This powerful synthetic strategy
will allow for the rapid diversication of molecular structures,
enabling the precise tuning of photophysical properties and
binding affinities to develop next-generation uorescent
sensors with enhanced selectivity and functionality for
a broader range of analytes.
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