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The efficient detection of picric acid (PA) is of great significance in the fields of environmental protection
and counter-terrorism. To date, a variety of metal complexes have been developed for sensing PA. Among
them, Pt(n) and Ir(n) complexes have attracted much attention due to their excellent photostability and
tunable luminescence properties. This review provides a systematic overview of the recent progress in the
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molecular structure design of Pt(i) and Ir(i1) complexes and their effects on the performance of PA detec-
tion in different solvent systems, especially in aqueous media. In addition, the directions and prospects for
the detection of PA are presented and discussed. This review affords important theoretical references and
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Introduction

Picric acid (PA) is an important raw material for producing
various chemicals. Its unique chemical and physical properties
make it useful in military, pharmaceutical, dye and other
industries.»” However, the high explosive, water-soluble and bio-
toxic properties of PA make it a serious threat to public safety and
the ecological environment. Its residues can contaminate water
and soil through wastewater discharge and can accumulate in
living organisms, causing skin allergies, liver and kidney damage,
and other diseases.”” Therefore, the development of highly sensi-
tive and selective methods for the detection of PA is of great sig-
nificance for human health and environmental protection.

Over the past decades, various methods have been devel-
oped for the detection of PA, such as electrochemical
methods, Raman spectroscopy,’” mass spectrometry® and
photoluminescence.” Among these, the photoluminescence
method has become one of the most important means for the
efficient detection of PA due to its advantages of fast response
time, high sensitivity, real-time monitoring and easy oper-
ation.” In the photoluminescence method, metal complex
sensors exhibit outstanding tunable photophysical properties.
Through precise molecular design (e.g., modifying the metal
center or ligand structure), their emission wavelengths,
quantum yields, and excited-state lifetimes can be systemati-
cally controlled to enhance detection performance. These strat-
egies are typically more explicit and direct than those for
organic conjugated systems. Additionally, they exhibit out-
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application insights for the field of explosives detection and environmental pollution monitoring.

standing chemical stability and photostability, which are
crucial for long-term or repeated detection in practical
applications.” ™ In view of these advantages, metal complexes
such as Ru(u), Pt(u) and Ir(m) have been successfully used in
the luminescence sensing of PA. In 2022, Khatua et al'*
reported a bis-heteroleptic Ru(u) complex Rul using 4,7-bis
(phenylthio)-1,10-phenanthroline and 1,10-phenanthroline as
ligands (Fig. 1). The photophysical properties of Rul were
investigated by UV-vis absorption and emission spectroscopy.
Photoluminescence (PL) spectroscopic studies showed that the
luminescence quenching of Rul in the presence of PA was
highly selective. The limit of detection (LOD) for PA was calcu-
lated to be 4700 nM. To our knowledge, this is the first
reported example of a Ru(n) complex for the selective detection
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of PA. In 2008, Mukherjee et al."® prepared the complex Pt1
(Fig. 1) with a triangular prism shape by self-assembly of a pre-
designed organometallic platinum receptor with an organic
clip-type ligand. Pt1 represented the first instance of a pris-
matic derivative of a metallic triplanar receptor and was
applied in explosives detection. The conjugated acetylenic and
aromatic groups in the complex gave it strong luminescent
properties, and efficient luminescence quenching was
achieved through =n-stacking and electron transfer interactions
with PA, with the quenching constant (Ksy) of 4.8 x 10* M~" in
CH,Cl,/DMF. In 2013, Shan et al.'® reported a cationic Ir(m)
complex Irl (Fig. 1), which showed significant aggregation-
induced phosphorescence emission (AIPE) activity'” in H,O/
(CH3),CO. The emissive nanoaggregates of Irl could be
efficiently quenched by PA with a Kgy value of 7.2 x 10* M},
making it a highly sensitive chemical sensor for explosives,
which is the first reported AIPE-active Ir(m) complex for high-
sensitivity detection of PA.

In this review, we focus on the recent advances in the detec-
tion of PA in different solvent systems based on various struc-
tural designs of Pt(u) and Ir(m) complexes in the past five
years. To better understand the differences in the perform-
ances of metal complexes with different structures for the
detection of PA, two summarized tables are provided (Tables 1
and 2). We hope to provide a general overview of the develop-
ment of designing novel metal complexes and their detection
performances for PA. Moreover, an overview of the abbrevi-
ations used in this review is given in Table 3.

Sensing mechanisms for PA detection
by metal-complex sensors

Two common quenching mechanisms in luminescence
quenching processes are static quenching and dynamic

Table 1 Luminescence quenching performance of Pt(i) complexes for
PA detection

Pt(u) Ksy Detection
complexes Systems ™M™ LOD (nM)  mechanism Ref.
Pt1 CH,Cl,/DMF 4.8 x 10* Unavailable Unavailable 15
Pt2 CH,Cl, 1.3x10° 301 Unavailable 26

Pt3 CH,;CN 5.2x10"  2.8x10° Unavailable 27
Pt4 CH,CN 41x10* 3.3x10° Unavailable 27
Pt5 CH,CN 1.1x10°  2.5x10° Unavailable 27
Pt6 CH,CN 55x10* 2.4 x10° Unavailable 27
Pt7 CH;CN 3.8x10*  3.0x10° Unavailable 27
Pt8 CH,CN 6.8x10* 2.3x10° Unavailable 27
Pt9 H,0/CH,CN 2.7x10* 1.7 x 10> PET 32
Pt10 H,0/CH,CN 1.9x10* 2.0 x 10> PET 32
Pt11 H,0/CH;CN 4.3x10* 90 PET 32
Pt13 H,O/CH,CN 2.3x10* 2.6 x 10> PET 33
Pt14 H,O/THF 1.1x10* 1.7 x10? PET 36
Pt15 H,O/THF 1.9x10* 30 PET 36
Pt16 H,O/THF 1.5x10* 1.5 x 10” PET 36
Pt17 H,O/THF 2.3x10" 70 PET 38
Pt18 H,O/THF 2.8x10° 1.0 x 10? PET 38
Pt19 H,O/THF 3.0x10* 90 PET 38
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Table 2 Luminescence quenching performance of Ir(i) complexes for
PA detection

Ir(m) Ksy Detection
complexes Systems M LOD (nM)  mechanism Ref.
Irl H,0/(CH;),CO 7.2x 10" Unavailable Unavailable 16
Ir2 CH,Cl, 2.4x10° 2.9x10* PET 44
Ir3 CH,Cl, 1.9x10* 1.0 x10* Unavailable 45
Ir5 H,O/THF 3.7x10* 1.5 x 10% PET 16
Ir6 H,0/(CH;),CO 3.4 x 10" 317 PET 48
Ir8 H,0/CH;CN 7.4x10* 50.2 PET 50
Ir9 H,O/CH,CN 2.6 x10° 2.2 PET 50
Ir10 H,O/CH,CN  4.6x10° 4.6 PET 52
Ir11 H,O/CH;CN  1.9x10° 2.5 PET 52
Ir12 H,0/CH;CN 2.9x10* 164 PET 54
Ir13 H,O/CH;CN  2.3x10% 176 PET 54
Ir14 H,0/CH;CN 1.9 x10* 331 PET 54
Ir15 H,O/THF 3.1x10" 59 PET/FRET 56
Ir16 H,O/THF 3.0x 10" 84 PET/FRET 56
Ir17 H,0/THF 2.0x10* 95 PET/FRET 56
Irl8 H,O/CH,CN  8.4x10° 0.6 PET 57
Ir19 H,0/CH;CN 5.7 x10° 0.3 PET 57
Ir20 H,0/CH;CN 4.5x10° 3.8 PET 57
Table 3 Summary of nomenclature

Abbreviation Full name

AIE Aggregation induced emission

AIPE Aggregation induced phosphorescent emission
DFT Density functional theory

DNP 2,4-Dinitrophenol

DNT 2,4-Dinitrotoluene

DPA Diphenylamino

DPP Diphenylphosphoryl

FRET Forster resonance energy transfer

LOD Limit of detection

LUMO Lowest unoccupied molecular orbital

NMR Nuclear magnetic resonance

PA Picric acid, 2,4,6-trinitrophenol

PET Photo-induced electron transfer

PL Photoluminescence

TPA Triphenylamino

HOMO Highest occupied molecular orbital

quenching.'® Static quenching occurs when the luminescent
molecules interact with the quencher to form a non-lumines-
cent ground-state complex, thereby reducing the luminescence
intensity of the molecules. In contrast, dynamic quenching
refers to the excited state of the luminescent molecules return-
ing to the ground state after colliding with the quencher,
which may involve photo-induced electron transfer (PET)"*>!
and Forster resonance energy transfer (FRET).>>>?

Photo-induced electron transfer (PET)

The strong electron-withdrawing nitro group of PA makes it an
electron acceptor (A), while the metal complex acts as an elec-
tron donor (D). When the complex is excited by ultraviolet
light, the electrons in its ground state jump from the highest
occupied molecular orbital (HOMO) to the lowest unoccupied
molecular orbital (LUMO), forming an excited state. During
this process, if picric acid is present in the system and its

Dalton Trans., 2026, 55, 2400-2407 | 2401
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Fig. 2 Mechanisms of photo-induced electron transfer and resonance
energy transfer.

LUMO energy level is significantly lower than the LUMO
energy level of the excited state of the complex, the excited-
state electrons are transferred from the LUMO of the complex
to the LUMO orbital of the PA. This process prevents the
excited-state electrons from returning to the ground state by
radiative leaps, resulting in luminescence quenching. The
driving force of this process originates from the LUMO energy
level difference between the complex and the PA, and the PET
mechanism has been widely demonstrated to be the core
mechanism for PA detection (Fig. 2).

Forster resonance energy transfer (FRET)

In recent years, explosives detection technology based on the
FRET mechanism has been developed rapidly, which signifi-
cantly improves the sensitivity and selectivity of luminescent
sensors through precise energy transfer modulation. As shown
in Fig. 2, when the complex is excited, its excited-state energy
is not released by radioluminescence, but the energy is trans-
ferred to the PA. According to the FRET mechanism, three con-
ditions need to be satisfied for the efficiency of energy transfer:
(1) the dipole orientation of the donor (complex) and the
acceptor (PA) is matched; (2) the donor emission spectrum
overlaps with the acceptor absorption spectrum; and (3) the
donor-acceptor distance (R,) is estimated to be in the range of
1-10 nm. The FRET efficiency (E) can be calculated by the
equation E = 1 — F/F, = ROG/(RO6 + rG), where F and F, are the
luminescence intensities with and without PA, respectively,
and R, is the critical distance.

Recent advances in the detection of
PA by Pt(i1) complexes

Pt(u) complexes are characterized by a four-coordinated planar
configuration, high quantum yields, long excited-state life-
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times and large Stokes shifts, and their luminescence perform-
ances can be easily improved by adjusting the ligand struc-
tures; thus, they have become a hot spot of current
research.”*??

In 2020, Hou et al.®® successfully constructed a platinum
metallocycle-centered supramolecular network complex Pt2, by
linking triphenylamino (TPA)-based metallocycles through
dynamic covalent imine bonds. Pt2 exhibited luminescence
quenching after the addition of PA, and the luminescence of
the complex was completely quenched when the concentration
of PA was 4 times the equivalent of the complex’s concen-
tration. For the detection of PA in CH,Cl,, Kgy value of Pt2 was
1.3 x 10° M™! and the LOD was 301 nM. In addition, this
process could be easily observed with the naked eye. Thin
films made of Pt2 showed dramatic luminescence quenching
after the addition of a drop of PA in CH,Cl,. These results indi-
cated that Pt2 could be used as a chemical sensor for PA
(Fig. 3).

In 2023, Hou et al.*’ constructed another series of bowtie-
like cyclometalating complexes Pt3-Pt8 with six triangular cav-
ities (Fig. 3). Except for Pt4, all the complexes exhibited high
absolute quantum yields in CH3;CN, which exceeded 98%. In
addition, Pt3-Pt8 all showed sensitive luminescence responses
to PA with Kgy values of 5.2 x 10*, 4.1 x 10%, 1.1 x 10°, 5.5 x 10%,
3.8 x 10* and 6.8 x 10* M™!, and LODs of 2800, 3300,

3 + 3 > —_—
Il

N= TO,
\ / \F‘ _PEt;

'y
-0 :
o

— Et;P~
14 ,i ST e,
M 0

12 N T > OOO
Il OOO

\/ Oi SI™NANH,

o

HNW‘

Pt2

. lmt:n

NaO O NaO O

NaO _O
R=H | / NH / 0
oTf 070N
| & NaO NaO
TfO—Pt—PEt; Pts
PEty NaO_O NaO_O NaO_O
S
r= &
(o] 0
NaO NaO 0” ONa
Pt6 Pt7 Pt8

Fig. 3 Synthesis of Pt2—Pt8.

This journal is © The Royal Society of Chemistry 2026


https://doi.org/10.1039/d5dt02114f

Published on 20 December 2025. Downloaded on 4/17/2026 12:56:32 AM.

Dalton Transactions

2500, 2400, 3000 and 2300 nM, respectively. The above results
indicate that these compounds can be used as probes to detect
PA.

In recent years, our group has been optimizing the detec-
tion performance of PA in aqueous media by designing Pt(u)
complexes with different ligand structures. Among them,
2-phenylpyridine and its derivatives, as unique C"N-type
ligands, can significantly change the luminescent properties
of the corresponding complexes.”®*® The fluorine atom is a
special element, different from other halogen elements. It has
the strongest electronegativity and an atomic radius close to
that of the hydrogen atom. Therefore, it is more convenient to
replace the hydrogen atom to fine-tune and modify the struc-
tures of the ligands, and then effectively regulate the pro-
perties of the compounds.®***

In 2023, Yan et al.®* synthesized three cationic Pt(u) com-
plexes Pt9-Pt11, using 2-phenylpyridine derivatives as the
cyclometalating ligands and 1,10-o-phenanthroline as the
auxiliary ligand (Fig. 4). The absolute quantum yields of Pt10
and Pt11 were significantly increased compared with that of
the unmodified Pt9. Pt9-Pt11 exhibited significant AIPE
activity in H,O/CH;CN. Pt9-Pt11 could be used as sensors for
the effective detection of PA in aqueous media with Kgy values
of 2.7 x 10%, 1.9 x 10* and 4.3 x 10* M~* and LODs of 170, 200
and 90 nM, respectively. These complexes exhibited excellent
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Fig. 4 Structures of Pt9—Pt19.
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selectivity in the detection of PA in complex environments.
The luminescence quenching of the complexes is caused by
PET.

In 2024, Yan et al.>® synthesized a novel Pt() complex Pt13
with 1,10-o0-phenanthroline as the auxiliary ligand and 2-(2,4-
difluorophenyl)pyridine as the cyclometalating ligand, which
showed significant AIPE activity in H,O/CH;CN than the non-
fluorinated complex Pt12. Pt13 was effective in the detection of
PA in H,O/CH;CN with respect to Kgy value of 2.3 x 10" M™*
and LOD of 260 nM. In addition, Pt13 showed high selectivity
for the detection of PA in various water samples. Proton
nuclear magnetic resonance (NMR) spectra and density func-
tional theory (DFT) calculations indicated that the detection
mechanism was attributed to PET (Fig. 4).

Introducing a trifluoromethyl group into the structures of
the cyclometalating ligands can improve the solubility,
thermal and oxidative stability of the corresponding complexes
in organic solvents and obtain better optical properties.>* In
addition, the trifluoromethyl group has a unique spatial site
resistance, and the fluorine atoms of the trifluoromethyl group
may also form hydrogen bonds, which can affect the photo-
physical properties of the complexes.*® In 2023, Jia et al.>® syn-
thesized three neutral Pt(u) complexes, Pt14-Pt16 (Fig. 4). Pt15
and Pt16 with a trifluoromethyl group showed significantly
higher AIPE activity in H,O/THF than Pt14, suggesting that the
trifluoromethyl group played a crucial role in regulating the
AIPE activity. Pt14-Pt16 have been successfully used as sensors
for the detection of PA in aqueous media with Kgy values of 1.1
x 10%, 1.9 x 10* and 1.5 x 10* M™', and LODs of 170, 30 and
150 nM, respectively. In addition, Pt14-Pt16 have the potential
to detect PA in a variety of water samples. It has been shown
that the luminescence quenching of the complexes is due to
PET.

As a strong electron-donating group, the introduction of a
diphenylamino (DPA) group into the metal complex could
efficiently improve the photophysical properties, which has
been proved to be an effective method to modulate the lumi-
nescent properties of the complexes.>” In 2024, Zhang et al.*®
synthesized three neutral Pt(u) complexes Pt17-Pt19, with acet-
ylacetone as the auxiliary ligand and DPA-modified 2-phenyl-
pyridine derivatives as the cyclometalating ligands,
which exhibited AIPE properties in H,O/THF (Fig. 4). The
AIPE-active Pt17-Pt19 have been successfully used for the
detection of PA in aqueous media with Kgy values of 2.3 x 10%
2.8 x 10* and 3.0 x 10* M, and LODs of 70, 100 and 90 nM,
respectively. These complexes have an excellent ability to
detect PA in sophisticated environments and have potential
applications in various water samples. The phosphorescence
decay traces of Pt19 were measured after adding different
concentrations of PA. The results indicate that the lifetime of
Pt19 decreases continuously with increasing PA concentration.
This successfully demonstrates the presence of dynamic
quenching in the luminescence quenching process of Pt19. In
addition, DFT results indicate that the sensing mechanism for
the detection of PA by the three complexes can be attributed to
PET.

Dalton Trans., 2026, 55, 2400-2407 | 2403
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Recent advances in the detection of
PA by Ir(in) complexes

Ir(m) complexes are characterized by a six-coordinated octa-
hedral configuration, long luminescence lifetimes, large Stokes
shifts, good photostability and practical synthesis routes. Like
Pt(1) complexes, the luminescence performances of Ir(ur) com-
plexes can also be tuned by adjusting the ligand structures.
Therefore, the development of structurally different Ir(ur) com-
plexes for PA detection has attracted great attention.>*™*!

The carbazolyl group is a class of electron-rich groups with
a large conjugation plane, and its introduction into the cyclo-
metalating ligands can enhance the electron density of the
ligands. In addition, the large conjugation planes of carbazole
can easily trigger n-n interactions during molecular aggrega-
tion, which makes intermolecular bonding stronger and thus
affects the luminescence performances of the complexes.*>**
Regarding the study of carbazolyl-modified Ir(ur) complexes for
the detection of PA in organic media, in 2019, Ma et al.** syn-
thesized a carbazole-containing yellow phosphorescent Ir(im)
complex Ir2 for the detection of nitroaromatic explosives in
CH,Cl,, including PA, 2,4-dinitrophenol (DNP), and 2,4-dini-
trotoluene (DNT), etc. After adding PA, Ir2 exhibited lumine-
scence quenching with a Kgy value of 2.4 x 10> M™" and an
LOD of 29 000 nM. Since there was no spectral overlap between
the UV-vis absorption of PA and the PL of Ir2 (which is the
essential prerequisite for Forster energy transfer), the quench-
ing mechanism was assumed to be PET. In addition, paper
tape testing of Ir2, which exhibited a significant quenching
effect at low concentrations of PA, showed good potential as a
solid nitroaromatic sensor (Fig. 5).

In 2020, Dong et al.*®> successfully synthesized a novel car-
bazole-containing blue luminescent Ir(ur) complex Ir3 and
applied it to the detection of nitroaromatic explosives in
CH,Cl,. Ir3 exhibited the highest quenching constant for the
detection of PA, with a Kgy value of 1.9 x 10* M™* and an LOD
of 10000 nM, demonstrating selective detection of PA. The
sensing mechanism was attributed to the excited-state electron
transfer based on the results of UV-vis absorption and emis-
sion spectra, as well as cyclic voltammetry (Fig. 5).

In 2024, two neutral Ir(u) complexes Ir4 and Ir5 modified
with the electron-rich carbazole group were synthesized by Xu
et al.*® Ir4 and Ir5 exhibited AIPE properties in H,O/THF (Fig. 5).
Ir5 with a methyl group at the 5-position of the pyridine moiety
of the cyclometalating ligand had stronger AIPE properties and
was sensitive to the detection of PA, with a Ky value of 3.7 x
10" M~" and an LOD of 150 nM in H,O/THF. The lifetime decay
curves of Ir5 after adding PA at different concentrations were
recorded, and the lifetimes of Ir5 in the presence of PA at
various concentrations were fitted. The results indicate that the
quenching process of Ir5 is dynamic quenching at both low and
high concentrations of PA. DFT calculations and spectroscopic
results confirm that the sensing mechanism is PET.

The fluorene-based molecules have the advantages of a
large conjugated system, high fluorescence quantum yield,

2404 | Dalton Trans., 2026, 55, 2400-2407
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excellent photostability and luminescence efficiency.”” In
2019, Liu et al.*® synthesized two novel phosphorescent Ir(m)
complexes Ir6 and Ir7 containing fluorene oxadiazole groups
(Fig. 5). Ir6 was able to detect PA with high selectivity and sen-
sitivity in H,0/(CH3),CO, with a Kgy value of 3.4 x 10* M™" and
an LOD of 317 nM. The luminescence quenching of the
complex was shown to be caused by the PET.

In recent years, our group has been working on the struc-
ture-property relationship of Ir(m) complexes and has devel-
oped a series of Ir(u) complexes with different ligand struc-
tures for the detection of PA in aqueous media. The ligand
structure is dominated by 2-phenylpyridine and 2-phenylben-
zothiazole and their derivatives. Among them, 2-phenylben-
zothiazole is one of the commonly used ligand skeletons for
the construction of Ir(m) complexes*® due to its excellent
photoluminescent properties. In 2023, He et al.>® synthesized
a cationic Ir(ur) complex Ir9 with a DPA-substituted 2-phenyl-
benzothiazole derivative as the cyclometalating ligand, which
showed significant AIPE properties in H,O/CH;CN compared
to the unsubstituted Ir8. Both Ir8 and Ir9 could be used as
sensors for the detection of PA in aqueous media with Kgy
values of 7.4 x 10* and 2.6 x 10° M™*, and LODs of 50.2 and 2.2
nM, respectively. Ir9 showed effective detection of PA, provid-
ing a higher Kgy value and a lower LOD. High-resolution mass
spectrometry analysis and DFT calculations suggest that the
sensing mechanism may be attributed to PET (Fig. 6).

As a typical electron-donating group, TPA-modified lumi-
nescent materials demonstrate strong interactions with

This journal is © The Royal Society of Chemistry 2026
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nitroaromatic compounds containing electron-withdrawing
nitro groups.®® In 2023, He et al.>” reported two new Ir(ir) com-
plexes Ir10-Ir11 with a phenyl or TPA group at the 4-position
of the phenyl group of 2-phenylbenzothiazole, and systemati-
cally compared their emission properties with the unsubsti-
tuted complex Ir8 (Fig. 6). These three complexes exhibited
aggregation induced emission (AIE) properties® in H,O/
CH;CN. The TPA-substituted Irl1l1 showed the highest AIE
activity. Ir8, Ir10 and Ir11 could be used as sensors for the
detection of PA in H,O/CH;CN, with Kgy values of 7.4 x
10*M™, 4.6 x 10° M~* and 1.9 x 10° M™%, and LODs of 50.2, 4.6
and 2.5 nM, respectively. Ir11 demonstrated the most effective
sensing properties for the detection of PA. Proton NMR spec-
troscopy, high-resolution mass spectrometry analysis, and DFT
calculations confirmed that the quenching mechanism of Ir11
was induced by PET. Furthermore, the effective detection of PA
in common water samples showed that Ir8, Ir10 and Irll
could be used as promising chemical sensors.

The phenyl group, as a freely rotatable n-plane moiety, and
the introduction of this group into the ligand improve the photo-
physical properties of the corresponding complexes. In 2025,
Yang et al.>* synthesized three cationic Ir(m) complexes Ir12-Ir14
by introducing the phenyl group at different positions of the pyr-
idine moiety of the cyclometalating ligand (Fig. 6). All three com-
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plexes exhibited typical AIPE properties in H,O/CH;CN. The
AIPE properties were further utilized to achieve highly sensitive
detection of PA in aqueous media with Kgy values of 2.9 x 10%
2.3 x 10" and 1.9 x 10* M, and LODs of 164, 176 and 331 nM,
respectively. This suggests that the phenyl group at different
positions of the ligands affects the effectiveness of the corres-
ponding complexes in PA detection. With increasing PA concen-
trations, the lifetimes of Ir12-Ir14 gradually decreased, indicat-
ing the presence of dynamic quenching during the quenching
process. After adding PA at different concentrations, the absorp-
tion peaks in the UV-vis absorption spectra of Ir12-Ir14 shifted
slightly, suggesting that static quenching also occurred during
the quenching process. In addition, the results of proton NMR
spectroscopy and spectroscopic studies suggest that the detec-
tion mechanism is mainly assigned to PET.

The diphenylphosphoryl (DPP) group is a powerful elec-
tron-withdrawing group, and the introduction of a DPP group
at the corresponding position of the ligand reduces the HOMO
energy of the metal complex, which enhances FRET with PA.
In addition, the oxygen atom in the DPP group contributes to
the specific recognition of metal ions.>® Therefore, in 2025,
Zhang and Xu et al.’® reported three neutral Ir(u) complexes
Ir15-Ir17, using DPP-substituted 2-phenylpyridine derivatives
as the cyclometalating ligands (Fig. 6), which exhibited
remarkable AIPE properties in H,O/THF and were successfully
used as dual-responsive luminescent sensors for the detection
of PA and Fe** in aqueous media. Ir15-Ir17 showed high
efficiency and selectivity in detecting PA with Kgy values of 3.1
x 10, 3.0 x 10* and 2.0 x 10* M, and LODs of 59, 84 and 95
nM, respectively. All complexes demonstrated excellent poten-
tial for practical applications in complicated environments.
After adding PA at different concentrations, the lifetime decay
traces and UV-vis absorption spectra of Irl5 were recorded.
The results indicate that there is only dynamic quenching in
the luminescence quenching process of Ir15. The detection
mechanisms for PA are attributed to PET and FRET.

In 2024, Khatua et al®” synthesized three Ir(m) complexes
Ir18-Ir20 using thiophenol-substituted 1,10-o-phenanthroline as
the auxiliary ligands, 2-phenylpyridine, 2-(2,4-difluorophenyl)
pyridine, and 2-phenylquinoline as the cyclometalating ligands,
respectively (Fig. 6). Ir18-Ir20 were used for the selective detec-
tion of PA in H,O/CH;CN with LODs of 0.6, 0.3, and 3.8 nM and
Ksy values of 8.4 x 10%, 5.7 x 10° and 4.5 x 10° M, respectively.
PL studies show that the luminescence quenching of these com-
plexes is highly selective towards PA over other nitroaromatic
compounds and metal ion-based quenching agents. After
adding PA, the average excited-state lifetimes of Ir18-Ir20 all
decreased, indicating the presence of dynamic quenching.
Finally, with the help of spectroscopic analyses and DFT calcu-
lations, the quenching mechanism is attributed to PET.

Conclusion and outlook

In summary, we systematically review the recent advances in
Pt(u) and Ir(u) complexes for PA detection and summarize the
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performance differences (sensitivity, selectivity, quenching
efficiency) of metal complexes with different ligand designs
(introducing groups such as DPA, TPA and —-CF3) in detecting
PA (Tables 1 and 2). The photophysical properties and the
sensing performances of the complexes could be easily modi-
fied by modulating the structures of the ligands. Among them,
the complexes containing a DPA group or a TPA group exhibi-
ted excellent detection performances in aqueous media, with
LODs down to the nM level and Kgy values up to 10° M™%, It
was shown that these complexes mainly achieved the efficient
detection of PA through PET and/or FRET mechanisms.

Although the metal complexes have made significant pro-
gress in the detection of PA, the existing systems still face the
following challenges. (1) Many metal complexes exhibit low
chemical stability, solubility, and luminescence performance
in aqueous or complicated environmental media. These com-
plexes easily undergo aggregation, precipitation, or ligand dis-
sociation, leading to unstable signals. In common environ-
mental samples (e.g., soil leachates, industrial wastewater),
interfering factors such as coexisting ions, organic matter, and
pH variations further affect detection accuracy and reliability.
(2) Many reported metal complex sensors exhibit responses to
multiple nitroaromatic compounds, yet their specific reco-
gnition capability for PA remains limited. (3) There is a
reliance on laboratory equipment for practical applications,
with portability and anti-interference capabilities that need to
be further improved. (4) There is a need to transcend super-
ficial studies of structure-property correlations, conducting in-
depth exploration to elucidate how specific structural features
influence sensing performance.

Aiming at the current technical bottlenecks of Pt(i) or Ir(ur)
complexes in the detection of PA, future research can make
breakthroughs from the following multi-dimensional aspects:
firstly, the development of novel stabilized ligand systems
through molecular engineering strategies, which can enhance
the chemical stability of the complexes in complicated
aqueous environments. Secondly, the design of molecular
structures is guided by DFT calculations, and the structures
with specific recognition for PA are constructed by precisely
regulating the electronic effects and spatial site resistance of
the ligand substituents. Thirdly, the AIPE-active metal com-
plexes at the aggregated state play a crucial role in the detec-
tion of PA in aqueous media. By controlling the self-assembly
process, luminescent aggregates with specific nanostructures
are expected to demonstrate high performance in the detection
of PA. Furthermore, the combination of high-performance
complexes and portable devices can achieve rapid on-site
detection, and even direct “naked-eye” results through color
changes. It is noteworthy that exploring the synergistic sensing
mechanism based on the MOF system, realizing the detection
of explosives with high sensitivity and high selectivity, and
combining the dynamic fluorescence response characteristics
of the composite system can open up new paths for the con-
struction of a new type of multifunctional sensing system.®
These innovative directions will promote the development of
explosives detection technology in the direction of high sensi-

2406 | Dalton Trans., 2026, 55, 2400-2407
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tivity, high selectivity and intelligence, which will show impor-
tant application value in the fields of environmental monitor-
ing and anti-terrorism security.
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