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A Highly Selective and Multisignaling Optical—Electrochemical
Sensor for HF* Based on a Phosphorescent Iridium(lll) Complex
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A highly selective phosphorescent chemosensor far"Higised on the iridium(lll) complex Ir(btg)
(acac) was realized. Multisignaling changes were observed throughvig\absorption, phosphorescent
emission, and electrochemical measurements. Upon addition4f thg obvious spectral blue-shifts in
absorption and phosphorescent emission bands were measured fog(a¢atg), which could be observed
by the naked eye. Further investigation indicated that the interaction betweéenahd the sulfur of
cyclometalated ligands is responsible for the significant variation in optical and electrochemical signals,
which was also confirmed by density functional theory (DFT) calculation. It is the charge transfer from
the iridium center to cyclometalated ligands that increases the electron density of cyclometalated ligands,
which makes the coordination of sulfur to Hgeasier.

Introduction interest® due to the photophysical properties of heavy-metal

Recently, phosphorescent heavy-metal complexes have beer<]:omplexes, such as emission wavelength shifts with changes

attracting more and more attention due to their high lumines- n the local environment, significant Stokes shifts for easy
9 . . . 9 separation of excitation and emission, and relatively long
cence quantum yields and long-lived excited stafBise strong lifetimes compared to purely organic luminophofehe
spin—orbit coupling caused by the heavy atom effect leads to . . . . : )
an efficient intersystem crossing from the singlet)(® the relatively long lifetime can give heavy-metal complexes excel

. - lent temporal resolution and their luminescence can be easily
triplet (Tr) as well as the enhancement of the-T transition. separated from fluorescent backgrounds. Some heavy-metal
Phosphorescent heavy-metal complexes have been explored for.

a multitude of photonic applications including organic light- complexes, such as platinum(ll) complexes, rhenium(l) com-
emitting diodeé’? photovoltg‘i)c cell$ biologicalglabgeling rg- plexes, and ruthenium(ll) complexes, have successfully been
agents! and hydrogen production via the photoreduction of explored as phosphorescent chemosensors for ahimagen

i i C
waters Recently, the use of phosphorescent heavy-metal concentratiord, and metal ion§° However, as one of the best

complexes as chemosensors has also attracted considerabl hosphorescent dyes, iridium(lll) complexes were scarcely used
P s chemosensors. Up to now, only a few cases of phosphorescent

* To whom correspondence should be addressed. Fax: 86-21-55664621 Iridium(lll) complgxes were reported to sense oxngj’eand'
Tel: 86-21-55664185. E-mail: fyli@fudan.edu.cn (F.Y.L.); chhuang@ Ca&* 1 and no iridium(lll) complexes were utilized to recognize

pkueducn (C.HH). transition- and heavy-metal ions.
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mercury into neurotoxic methylmercury, a potent neurotoxin Scheme 1. Chemical Structures of Ir(btp)(acac), btp, and
that bioaccumulates through the food chain in the tissues of .

bt
fish and marine mammaltgb-c Subsequent ingestion of meth-
ylmercury by humans is connected to DNA damage, mitosis
impairment, and nervous system defééts Therefore, it is d
important to explore new methods for detection of2HgA S\ Ir/o“ 7 S\
Z N \0 { Z N
<A, A
btp bt

number of H§™-selective sensors have been devised by utilizing

chromogenid? fluorogenic!* and electrochemictl behaviors

of the devised compound. However, multisignaling chemosen-

sors for Hg" that are capable of both optical and electrochemi- Ir(btp),(acac)

cal sensing are very fe¥f. Herein, we are interested in . . .
: . . P _ reaction, using Pd(PB)a and K,CO; from 2-bromopyridine and
developing a multisignaling probe based on iridium(lll) com 2-benzothienylboronic acid, and was characterizedHhyNMR

plexes that exhibits a naked-eye observed change in phospho-

g o ' spectroscopy.
rescent emission upon addition of Hgover other metal ions. General Experiments.’H NMR spectra were recorded with a

Itis well known that the chemical structures of cyclometalated \/4ian spectrometer at 400 MHz. Mass spectra were obtained on
ligands (CN ligands) can strongly affect the photophysical and 5 ghimadzu matrix-assisted laser desorption/ionization time-of-flight
electrochemical properties of iridium(lll) complexes. When the a5 spectrometer (MALDI-TOF-MS). The WWisible spectra
cyclometalated ligands of iridium(l1l) complexes contain specific were recorded on a Shimadzu UV-2550 spectrometer. Steady-state
metal-coordinating elements, we reason that the presence ofemission experiments at room temperature were measured on an
metal ions can lead to dramatic changes in the photophysicalEdinburgh Instruments Xe-920 spectrometer. Lifetime studies were
and electrochemical properties of complexes. Herein, an iridium- performed with an Edinburgh FL 920 photocounting system with
(111) complex, Ir(btpp(acac}?(see Scheme 1), containing sulfur a hydrogen-filled lamp as the excitation source. The data were
atoms was synthesized to provide a mercury-coordinating analyzed by iterative convolution of the luminescence decay profile
element and could be used as a highly selective and multisig-with the instrument response function using a software package

naling optical-electrochemical sensor for Fig provided by Edinburgh Instruments. The luminescence quantum
yields of Ir(btp}(acac) in air-equilibrated solution were measured
Experimental Section with reference to rhodamine Bbg = 0.69 in ethanol).

Electrochemical MeasurementsElectrochemical measurements

Materials. Acetylacetone, 2-ethoxyethanol, 2-bromopyridine, were performed with an Eco Chemie Autolab. All measurements
2-benzothienylboronic acid, and thianaphtlene (bt) were obtained were carried out in a one-compartment cell undgghils, equipped
from Acros. Mercury(ll) perchlorate hydrate was obtained from with a glassy-carbon working electrode, a platinum wire counter
Aldrich. IrCl3-3H,0 and tetrakis(triphenylphosphine)palladium(0) electrode, and a Ag/Ag reference electrode. The supported
(Pd(PPh);) were industrial products and used without further electrolyte was a 0.10 mol 1 dichloromethane solution of
purification. According to previous literatute@2-(benzobjthiophen- tetrabutyl ammonium hexafluorophosphate {BBF;). The scan
2-yl)pyridine (btp) was easily synthesized via the Suzuki coupling rate was 50 mvs.
Theoretical Calculations. The optimization of the complex

(12) (a) U.S. EPA, Regulatory Impact Analysis of the Clean Air Mercury ~ structures was performed using B3LYP density functional theory.
Rule: EPA-452/R-0803 2005. (b) Boening, D. WChemospher€00Q The LANL2DZ basis set was used to treat the iridium atom, whereas

40, 1335-1351. (c) Harris, H. H.; Pickering, I. J.; George, G. Stience _ % .
2003 301, 1203-1203. (d) Tchounwou, P. B.; Ayensu, W. K.. Ninashvili, the 3-21G* basis set was used to treat all other atoms. The contours

N.; Sutton, D.Environ. Toxicol.2003 18, 149-175. (€) Clarkson, T. W.; of the HOMO and LUMO orbitals were plotted.
Magos, L.; Myers, G. JN. Engl. J. Med2003 349, 1731-1737. Metal Cation Titration of Ir(btp) ,(acac).Spectrophotometric
(13) (a) Zheng, H.; Qian, Z. H.; Xu, L.; Yuan, F. F.; Lan, L. D.; Xu, J.  tjtrations were performed on 2@M solutions of Ir(btp)(acac) in

G. Org. Lett.2006 8, 859-861. (b) Tatay, S.; Gavina, P.; Coronado, E.; : ; : + 4+ ~2t
Palomares, Erg. Lett. 2006 8, 3857-3860. () Descalzo, A. b.: Martinez- MECN: Typically, aliquots of fresh cations (AgCcP*, Cc?*, Cr,

Manez, R.; Radeglia, R.; Rurack, K.; Soto,JJ.Am. Chem. SoQ003 Cu?t, Fé+, Mng’ Nizt, PB?*, Zr?*, Hg?") were added, and the
125, 3418-3419. (d) Ros-Lis, J. V.; Marcos, M. D.; Martinez-Manez, R.; UV —vis absorption and fluorescent spectra of the samples were
Rurack, K.; Soto, JAngew. Chem., Int. EQ2005 44, 4405-4407. (e) recorded.

Cheng, Y. F.; Zhao, D. T.; Zhang, M.; Liu, Z. Q.; Zhou, Y. F.; Shu, T. M.; Synthesis of Ir(btp)y(acac). Complex Ir(btp)(acac) was syn-

Li, F. Y.; Yi, T.; Huang, C. H.Tetrahedron Lett2006 47, 6413-6416. . . . . X
' (14) (a) 'Song’ Plé_agg_]; Kim, J_esr_? F?arrgns_eM_; Cﬁung’ K. C.. Ahn. s.. thesized according to previous literatdféh mixture of 2-ethoxy-

Chang, S. KOrg. Lett.2006 8, 3413-3416. (b) Yang, Y. K.; Yook, K. J.; ethanol and water (3:1, v/v) was added to a flask containing-rClI
Tae, J.J. Am. Chem. So005 127, 16760-16761. (c) Chae, M. Y.; 3H,0 (1 mmol) and btp (2.5 mmol). The mixture was refluxed for

Czarnik, A. W.J. Am. Chem. S0d.992 114, 9704-9705. (d) Hennrich, i i i : i
G.. Sonnenschein. H.: Resch-Genger.JJAm. Chem. S0d999 121, 24 h. After cooling, the red solid precipitate was filtered to give

5073-5074. (e) Prodi, L.; Bargossi, C.; Montalti, M.; Zaccheroni, N.. Su, Ccrude cyclometalated iridium(lll) chloro-bridged dimer. To the
N.; Bradshaw, J. S.; Izatt, R. M.; Savage, P.JBAm. Chem. So200Q mixture of crude chloro-bridged dimer (0.2 mmol) and.8&s
122, 6769-6770. (f) Sakamoto, H.; Ishikawa, J.; Nakao, S.; WadaChem. (1.4 mmol) were added 2-ethoxyethanol and acac (0.5 mmol), and

Commun200Q 2395-2396. (g) Nolan, E. M,; Lippard, S. J. Am. Chem.  then the slurry was refluxed for 12 h. After cooling to room
S0c.2003 125 14270-14271. (h) Guo, X.; Qian, X.; Jia, LJ. Am. Chem.

S0c.2004 126, 2272-2273. (i) Liu, B.. Tian, H.Chem. Commur2005 temperature, a brown-red precipitate was collected by_filtration and
3156-3158. (j) Mello, J. V.; Finney, N. SJ. Am. Chem. So@005 127, was chromatographed using gEl,/petroleum ether (1.1, v/v) to
10124-10125. (k) Nolan, E. M.; Lippard, S. J. Mater. Chem2005 15, give Ir(btpy(acac), brown-red solid, yield 60%H NMR (CDCls,

2778-2783. (1) Rurack, K.; Kollmannsberger, M.; Resch-Genger, U.; Daub, 400 MHz): ¢ 8.52 (d,J = 5.6 Hz, 2H), 7.85 (dJ = 8.0 Hz, 2H),

J.J. Am. Chem. So@00Q 122 968-969. (m) Huang, C. C.; Chang, H. T. — — —
Anal. Chem2006 78, 8332-8338. (n) Zhu, X. J.; Fu, S. T.; Wong, W. 7.73 (t,J=7.8 Hz, 2H), 7.55 (d) = 7.6 Hz, 2H), 7.14 (1 = 5.6

K.; Guo, J. P.; Wong, W. YAngew. Chem., Int. EQ006 45, 3150~ Hz, 2H), 6.82 (tJ = 7.2 Hz, 2H), 6.70 (t) = 7.2 Hz, 2H), 6.27
3154. (0) Yang, Y. K.; Yook, K. J.; Tae, J. Am. Chem. SoQ00Q 127, (d, J = 8.0 Hz, 2H), 5.21 (s, 1H), 1.78 (s, 6H).
16760-16761.
(15) Lloris, J. M.; Martnez-Maez, R.; Padilla-Tosta, M. E.; Pardo, T.; . .
Soto, J.; Beer, P. D.; Cadman, J.; Smith, DJKChem. Soc., Dalton Trans. Results and Discussion
1999 2359-2370. . . .
(16) Jimimez, D.; Martnez-Maez, R.; Sancemm F.; Soto, JTetrahedron UV —Vis Absorption Spectroscopy.The absorption spectrum

Lett. 2004 45, 1257-1259. of Ir(btp).(acac) in CHCN is shown in Figure 1. The complex
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Figure 1. Changes in the U¥vis absorption spectra of Ir(btp)
(acac) (2QuM) in CH3CN solution with various amounts of By
ions (0—-40uM). Inset: titration curve of Ir(btp(acac) with H§".

Figure 2. Color variation observed in G&N solutions of Ir(btpy
(acac) (50Q«M) in the presence of 1 equiv of certain metal cations.

displays intense absorption bands in the ultraviolet region of
280-400 nm with extinction coefficients ¢ of ~10P
mol~1-L-cm™1, which are assigned to the spin-allowed singlet
ligand-centered( C) transitions. The weak band at 480 nm
with the extinction coefficient of 6.1 x 10° mol~%-L-cm™1is
assigned to a singlet metal-to-ligand charge transfdt. CT)
transition. The addition of increasing amounts of?Hgo the
solution of Ir(btp)(acac) promoted some changes in its absorp-
tion spectrum. The absorbance at 480 nm decreased graduall

whereas a new band at 420 nm appeared (Figure 1), corre-

sponding to a@may@bs) blue-shift of 60 nm with two isobestic
points at 440 and 385 nm, which induced a color change from
orange to yellow-green (see Figure 2), indicating that Ir@hatp)
(acac) can serve as a sensitive “naked-eye” indicator fét Hg
As shown in the Figure 1 inset, metal-binding titrations indicate
that Ir(btpy(acac) forms a 1:1 complex with Bg The
extinction coefficient of the band at 420 nm after the addition
of 1 equiv of Hg" is 8.5 x 10°®* mol~*:L-cm~L. The binding
constant valueK) calculated from absorption titration data is
15x 10* M1,

Fluorimetric Response of Complex Ir(btpp(acac) to Hg™.
Itis well known that fluorescent emission spectroscopy is more
sensitive toward small changes that affect the electronic proper-
ties of molecular receptofd.Herein, the complexation ability
of Ir(btp).(acac) with H" was also investigated by photolu-
minescent technique. The luminescence spectra of complex Ir-
(btp)(acac) in the absence and presence ofHge shown in
Figure 3. In CHCN solution, Ir(btp)(acac) showed an intense
emission band at 610 nm with a shoulder band at 660 nm and
the photoluminescent color is deep red. The luminescent
quantum yield of Ir(btpYacac) in air-equilibrated solution was
0.026. The emission lifetimes monitored at 610 and 660 nm in
air-equilibrated solution at room temperature were measured
to be 137.9 and 136.5 ns, respectively, indicating the phospho-
rescent emission nature of Ir(bffgcac). The similar lifetimes
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Figure 3. Changes in the luminescence spectra of Ir@gTac)
(20 uM) in air-equilibrated CHCN solution with various amounts
of Hg?* ions (0-40 uM) (Aex = 440 nm).Aex = 440 nm. Inset:
Emission color observed in GBN solution of Ir(btp)(acac) (500
uM) in the absence (a) and presence (b) of 1 equiv of'Hg
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The excitation spectra monitoring these two emission bands were
similar (see Figure S1 in the Supporting Information), indicating
that they came from the same excited states. Upon addition of
Hg?", the intensity of these two bands decreased and two new
bands at 585 and 630 nm appeared gradually, corresponding to
a blue-shift of about 30 nm with three isoemissive points at
647, 632, and 598 nm. The emission color was changed from
deep red to orange (see Figure 3, inset), which could be observed
by the naked eye. The luminescent quantum yield of Irghtp)
(acac) in the prescence of 1 equiv of #gn air-equilibrated
solution was 0.027. Moreover, the emission lifetimes monitored
at 585 and 630 nm in air-equilibrated solution at room
temperature were also measured to be 275.9 and 273.8 ns,
respectively. Such long lifetimes in air-equilibrated solution
show that the emitting states of Ir(btfgcac) in the presence

yof Hg?" also have triplet character, and the similar lifetimes

also show that a single species was responsible for the
luminescence. The excitation spectra monitoring these two new
bands were similar (see Figure S2 in the Supporting Informa-
tion), but were significantly different from those of pure Ir-
(btp)x(acac) monitored at 610 and 660 nm. The differences in
the excitation and absorption spectra coupled with the different
emission spectra in the absence and presence &f klgow
that a different ground-state species is responsible for each of
the two different emissions. Coupled with the different single-
exponential decay times, there is no interconversion between
the two forms during the excited-state decay. By the changes
in the fluorimetric response of Ir(btgacac) in the presence of
varying concentrations of Hg, the stoichiometry of the
complex system was also determined to be 1:1, indicating the
formation of a 1:1 complex, which is in agreement with the
result obtained from the U¥vis absorption technique. Fur-
thermore, at the concentration of the complex employed in our
studies, H§" could be detected down to a concentration of’10
M, that is, at concentrations in the ppb range, which is
comparable with many previous repottg.o.18

Electrochemical Studies.To explore further the utility of
Ir(btp)(acac) as an electrochemical sensor forrHgeyclic
voltammetry (CV) studies were conducted in £CHN solution.

(17) Pearson, R. Gl. Am. Chem. S0d.963 85, 3533-3539.
(18) Coronado, E.; GataMascarfs, J. R.; Marti-Gastaldo, C.; Palomares,
E.; Durrant, J. R.; Vilar, R.; Gratzel, M.; Nazeeruddin, M.XAm. Chem.

show that a single species was responsible for the luminescenceSoc.2004 127, 1235+ 12356.
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Figure 4. Cyclic voltammograms of Ir(btpjacac) (500uM) in

CH3CN solution in the absence and presence of 1 equiv 6f Hg

ions. Inset: Electrochemical titration of Ir(bgcac) with Hg".
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Figure 5. Absorption response of Ir(btgfacac) (20uM) in the
presence of various metal cations (1 equiv) in MeCN solution. Bars
represent the ratioAgo nn{As20 i) Of absorbance intensity at 490
and 420 nm. Solid bars represent the addition of 1-fold various
metal cations to a 2@M solution of Ir(btpy(acac). White bars
represent thé\so0 nr{As20 nm ratio after addition of Hg" (20 uM)
to the above solution. 1, Ag 2, Cct*; 3, Cd™; 4, CP*; 5, CU#,
6, Fé*; 7, Mg?"; 8, Ni2t; 9, P#*; 10, Zrft, 11, the mixture of
1-10; 12, Hg'; 13, without metal cation.

A reversible oxidation wave at 0.47 V can be observed for Ir-
(btp)(acac) in the absence of Ag According to the previous
electrochemical studies on iridium(lll) complexes, this oxidation
wave is assigned to a metal-centeréd/lr'V oxidation process.
The addition of increasing amounts of Hgto a solution of
Ir(btp)2(acac) caused a significant modification in the cyclic
voltammetry (Figure 4 and Figure S5 in the Supporting
Information). The intensity of the oxidation wave at 0.47 V
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Figure 6. UV —vis absorption (a) and luminescence spectra (b) of
btp (20uM in CH3CN) in the absence and prescence of 1 equiv of
Hg?". Aex = 263 nm.

whereas very weak variations of absorption spectra of Irgbtp)
(acac) were observed upon addition of an excess of the other
metal ions, such as Mg, Cr?t, Fe™, Ca?™, Ni2™, P#T, Ag™,
Zn?*, Cl#+, and Cd*. Therefore, Ir(btp) acac) displayed a high
selectivity in sensing Hg. Similarly, achieving high selectivity
for the analyte of interest over a complex background of
potentially competing species is challenge in sensor develop-
ment. Thus, the competition experiment was also carried out
by adding H§™ to the solutions of Ir(btpfacac) in the presence
of other metal ions. As shown in Figure 5, whether in the
absence or presence of the other metal ions, obvious spectral
changes were observed for Ir(hif@cac) upon addition of Hg.
The results indicate that the sensing of?Hdpy Ir(btp)(acac)
is hardly affected by these commonly coexistent ions.
Furthermore, selective and competition experiments were also
carried out by luminescent spectra (see Figure S6 in the
Supporting Information). The results also showed the high
selectivity for Hg™ in the prescence of other metal ions. The
addition of some other metal ions, such ag'Pand Cd,
induced the decrease of the emission band at 610 nm. It appears
that there may be bimolecular quenching of the excited state.
The Sterr-Volmer (SV) fluorescence quenching plots forPb
and Cd* are shown in Figure S7, and the values of SV

decreased and a new reversible oxidation wave at 0.86 V quenching constant&,) for Pk?* and Cd* are 3.1x 1(? and

appeared with progressive addition of #g The saturation
behavior of the intensity of the oxidation wave at 0.86 V after
the addition of 1.0 equiv of Hg also reveals that the complex
system has a 1:1 stoichiometry.

Selective Optical Response of Complex Ir(btpjacac) to
Various Metal lons. For an excellent chemosensor, high
selectivity is a matter of necessity. Herein, the selective
coordination studies of Ir(btglacac) by absorption spectroscopy

1.1 x 1C® respectively.

Mechanism of Complex Ir(btp)z(acac) in Sensing Hg".
From the above discussion, we can see that the photophysical
and electrochemical properties of complex Ir(btagac) can
be changed significantly by the addition of Hg It is well
known that soft Hg" ions (soft acid can preferentially interact
with sulfur (soft basgaccording to Pearson’s hard and soft acids
and bases theody.In a previous report, Palomares et al. have

were then extended to related heavy, transition, and main groupfound that the coordination of Hg to a sulfur atom induces a

metal ions in CHCN solution. As shown in Figure 5, only the
addition of Hg" resulted in a prominent absorption change,

color change for ruthenium complex&sSo, we can deduce
that the significant variations in the photophysical and electro-
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Figure 7. HOMO (left) and LUMO (right) distributions of Ir(btp)
(acac).

chemical properties of complex Ir(bgcac) are induced by
coordination of H§" to the lone-pair electrons on the sulfur
atom of cyclometalated ligands of the complex Ir(btagac).
There is a possibility that Ir(btplacac) may decompose by
the addition of H§" and the complex Hg-btp is formed, which
is responsible for the significant change of photophysical and

electrochemical properties. Hence, the coordination of the ligand

btp with H" was also investigated by spectral techniques. The

absorption and luminescence spectra of btp in the absence an

prescence of 1 equiv of Hg are shown in Figure 6. Upon
addition of Hg™, the absorption maximum of btp was shifted

from 310 to 345 nm and the luminescent emission peak was

also shifted from 363 to 475 nm. The emission lifetime
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Figure 8. Variation in HOMO and LUMO energy levels of Ir-
(btpl(acac) in the absence (a) and presence (b) 6f Hg

ligand, and then the electron density on the iridium center is
also reduced. As a result, the HOMO energy level is lowered
and the energy gap between the HOMO and LUMO is increased,
leading to the remarkable blue-shift in the absorption and
luminescence spectra. Such changes of energy levels for Ir-
(btpk(acac) are illustrated in Figure 8. In addition, the decrease
of electron density on the iridium center also makes tHe Ir

Jir'Voxidation process more difficult and the corresponding

oxidation wave is shifted positively.

Conclusions

In summary, we have presented a highly selective and

monitored at 475 nm, corresponding to the emission of complex multisignaling optical-electrochemical chemosensor for #ig
Hg-btp, was 1.1 ns. The data of absorption and luminescencebased on the phosphorescent iridium(lll) complex Ir(famac).

properties of Hg-btp are significantly different from those of
Ir(btp)2(acac)-Hg. Hence, the possibility of decomposition for
Ir(btp).(acac) after the addition of H§ can be excluded.

In addition, we investigated the response of th's absorp-

Especially, the complex shows a naked-eye phosphorescent
change in the HY ion over other metal cations. The interaction
between Hg" and the sulfur atom of cyclometalated ligands is
responsible for the significant variations in optical and electro-

tion of the compound thianaphthene (bt, see Scheme 1), whichchemical signals. To the best of our knowledge, this is the first

is a fragment of the ligand btp containing sulfur, to various
amounts of H§" (see Figure S8 in the Supporting Information).

report of a chemosensor for transition- and heavy-metal ions
based on a phosphorescent iridium(lll) complex. Due to the poor

No obvious change was observed, indicating no (or very weak) solubility of the complex in water, the analysis is in a

interaction between the sulfur of bt and #gConsidering the
same benzothienyl fragment for Ir(bigcac) and bt, the
difference of response to Fgcan be ascribed to the formation
of the iridium(lll) complex.

For a better understanding of the influence of?Hgn the
photophysical and electrochemical properties of Ir(i{fgmac),
the HOMO and LUMO distributions of Ir(btpjacac) were
calculated by density functional theory (DFT). As shown in
Figure 7, the HOMO primarily resides on the iridium center

nonaqueous media and probably only good for ioniczHg
However, this preliminary understanding of the#4gensing
mechanism would actually help to design a series of new
phosphorescent probes based on iridium(lll) complexes by
simply modifying the chemical structures of the ligands to
contain specific coordinating elements and explore the new
application in chemosensors for iridium(lll) complexes as the
best phosphorescent dye.
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