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Intracellular pH undertakes critical functions in various biological and pathological processes. It is impor-
tant to monitor intracellular pH fluctuations for understanding physiological and pathological processes.
Here, one aldehyde-bearing cyclometalated iridium(Ill) complex ([(4-pba),;Ir(dcphen)]PFg, 4-pba=4-(2-
pyridyl) benzaldehyde, dcphen = 4,7-dichloro-1,10-phenanthroline, probe 1) was synthesized and used to
track intracellular pH fluctuations. Probe 1 displayed pH-dependent luminescence property in pH range
of 1.81-6.81 with an evaluated pK, value of 4.30 in BR buffer-DMSO (v:v=99:1). An intramolecular hy-
drogen bonds assisted pH-responsive mechanism was proposed for the pH-responsive behavior of probe
1. Probe 1 was successfully applied for imaging and tracking pH fluctuations in HeLa cells under external
stimulation with fast response time, good photostability as well as low cytotoxicity and high cell perme-
ability. This work demonstrates that aldehyde-bearing cyclometalated iridium(Ill) complex can be used
as alternative pH-responsive probe for real-time tracking intracellular pH fluctuations, which provides a

strategy for the design of pH-responsive probe in versatile applications.
© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Intracellular pH undertakes critical functions in various biologi-
cal and pathological processes [1-4]. There exists a wide pH range
in different subcellular compartments of eukaryotic cells and di-
verse prokaryotic species [5]. Variation of pH in cells can result in
many diseases, such as neurodegenerative diseases [6], Reye’s syn-
drome cancers [7], and cardiovascular diseases [8]. Therefore, H* is
one of the most important targets in vivo and real-time monitoring
intracellular pH fluctuations is very important for understanding
physiological and pathological processes [9].

Fluorescence methods are one of most powerful tools for pH
sensing owing to their high sensitivity and good spatiotemporal
resolution [10-13]. A series of fluorescent probes for pH detec-
tion have been reported, such as pH-sensitive green fluorescent
protein mutants [14], organic compounds [15,16], metal complexes
[1718], and nanomaterials [19-21]. Some of them were limited
in poor photostability, or poor biocompatibility, or slow response
time. To real-time track intracellular pH fluctuations, fluorescent
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probes with good photostability, lower toxicity and fast response
time are pressing required [22].

Cyclometalated iridium(Ill) complexes have received increasing
attention in pH assay within neutral [17,18,23] or weak acidic
[24,25] or extreme acidic [26] range due to their high photolu-
minescence (PL) efficiencies, large Stokes shifts, high photostabil-
ity and excellent color tuning capability. pH-responsive iridium(III)
complexes usually incorporate carboxyl [17], aniline [18,24], mor-
pholine [23], pyridine [25], and other nitrogenous heterocyclic sub-
stituents [26] within main ligands or ancillary ligands. For exam-
ple, Zhang et al. [17] developed four iridium(Ill) complexes with
benzimidazole and carboxyl groups as pH-responsive groups for
tracking mitochondrial pH fluctuations during mitochondrial dys-
function. Our group reported one iridium(Ill) complex with car-
boxyl group as pH-responsive group for PL and electrogenerated
chemiluminescence detection of pH under acidic conditions [27].
Aldehyde group is the most common functional group in irid-
ium(IlT) complexes for sensing or labeling [28-30]. However, there
is no report on the aldehyde-bearing iridium(Ill) complexes as pH-
responsive probe for monitoring intracellular pH fluctuations under
external stimulation.

1001-8417/© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.



M. Qian, D. Zhang, H. Qi et al.

A w

CI{_Q_)(‘I & ~Cl
~C)rcno N3 N + N2
IrCly-3H,0 —————» Ir | N N2 D 1
I Z—elhoxvﬂhlnollll;() \ 9 dichloromethane r\N N
|
Cl
CH CHOJ CHOJ;  PFg

[(4- Ph!)zh'(u-ﬂ)lz

5

B Cell membrane %

@ PMA stimulation

Scheme 1. (A) Synthetic route of probe 1. (B) Schematic representation of PL imag-
ing intracellular pH fluctuations under external stimulation using probe 1.

Here, we report the first observation of one new pH-responsive
iridium(Ill) complex containing aldehyde group at the 4-position
of 4-(2-pyridyl) benzaldehyde (4-pba) ligand for imaging and
tracking intracellular pH fluctuations under external stimula-
tion (Scheme 1). The structure of the iridium(Ill) complex, [(4-
pba),Ir(dcphen)|PFg (probe 1), is shown in Scheme 1A, in which 4-
pba was used as main ligand and 4,7-dichloro-1,10-phenanthroline
(dcphen) was used as ancillary ligand. The photophysical behaviors
of probe 1 were investigated in this work. The good photostability,
biocompatibility and high cell permeability of probe 1 prompt us
to utilize it to real-time image and track pH fluctuations in Hela
cells under external stimulation (Scheme 1B).

The probe 1 was synthesized by using 4-pba as main ligand and
dcphen as ancillary ligand with a yield of 65%. The probe 1 was
successfully characterized by 'H NMR (Fig. S1 in Supporting in-
formation), "TH-'H correlation spectroscopy NMR spectra (Fig. S2
in Supporting information) and mass spectrum (Fig. S3 in Sup-
porting information). The solubility of [(4-pba),Ir(dcphen)]PFg was
checked in Britton-Robinson (BR) buffer-DMSO (v:v=99:1) at pH
4.30 [31]. BR buffer-DMSO (v:v=99:1) was chosen as buffer solu-
tion because of its wide buffer range (1.81-11.92) and the probe 1
stock solution (1 mmol/L) in DMSO. The result indicates that solu-
bility of 35 pmol/L is obtained for [(4-pba),Ir(dcphen)|PFg (Fig. S4
in Supporting information).
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The feasibility of the designed probe 1 for pH detection was
studied in BR buffer-DMSO (viv=99:1) solution at different pH
values. Fig. 1A shows the UV-vis absorption spectra of probe 1
at pH 1.81 and 6.81. Similar absorption waves at 303, 321, 374
and 420nm were obtained, as typical characterization for irid-
ium(Ill) complexes [17,27]. Strong absorption bands below 330 nm
and weak absorption bands above 330nm were assigned to the
allowed (mr-m*) transitions of the ligands, and singlet and triplet
MLCT transitions, respectively. At pH 6.81, the probe 1 exhibits
an intense, broad and featureless orange emission with maximum
wavelength at 587 nm. When the pH is decreased from 6.81 to
1.81, the maximum PL wavelength is slightly blue-shifted from
587 nm to 576 nm while the PL intensity gradually decreased (Fig.
1B). The quantum yield of probe 1 was measured to be 6.50% at
pH 6.81 (587 nm) and 1.30% at pH 1.81 (576 nm) in air-saturated
BR buffer-DMSO (v:v=99:1).

A plot of PL intensity at maximum wavelength vs. pH is lin-
ear in the range from 1.81 to 6.81 (R=0.9965, Fig. 1B). The pK,
of probe 1 is 4.30+0.04 (Fig. 1C) calculated using Henderson-
Hasselbalch equation (Eq. 1) [32]:

log[(Imax — )/ (I = Inin)] = PKa — pH (1)

where [ is the PL intensity at maximum wavelength. Although
there is no obvious change in the bright field images (Fig. 1D), the
changes of PL emission of probe 1 at pH 6.81 to 1.81 can be easily
visual under UV light (Fig. 1E).

The response time was tested by adding 0.15mol/L NaOH into
BR buffer-DMSO (v:v=99:1, pH 1.81) containing 10 pumol/L probe 1.
The PL intensity increased greatly and kept stable within 25s (Fig.
2A). The probe also shows good reversibility between pH 1.81 and
pH 6.81 (Fig. 2B). The selectivity of probe 1 to pH was examined
at pH 6.81 and pH 1.81 over possible interference species, includ-
ing Nat, K*, Ca?t, Fe3*, AI3t, Zn?*, Pb2t, Mg2*, Co2t, Mn2+, Cr3+,
Cd?*+ and Hg?*, glucose, valine, leucine, arginine, DL-methionine
and serine. As shown in Fig. 2C, at two pH values, there are not
obvious changes of PL intensity for the studied ions and biologi-
cally species. Therefore, fast response time, good reversibility and
excellent selectivity of probe 1 were obtained for pH detection.

In order to understand the possible sensing mechanism of
probe 1 to pH, following experiments were done. 'H NMR experi-
ments were carried out at different pH values by adjusting pH of
probe 1 solution in DMSO-dg using DCl. Upon addition of DCI to
the DMSO-dg solution of probe 1, a downfield chemical shift of Hy
and H, in red (from 8.5 ppm to 8.6 ppm) is observed while chemi-
cal shift values of other H remain almost constant (Fig. S5 in Sup-
porting information). Additionally, from the Mulliken charge anal-
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Fig. 1. (A) UV-vis absorption spectra of 50 pmol/L probe 1 in BR buffer-DMSO (v:v=99:1, pH 1.81 and 6.81). (B) PL emission spectra of 10 pmol/L probe 1 in BR buffer-DMSO
(v:v=99:1) at different pH (a-k, 1.81, 2.31, 2.84, 3.35, 3.78, 4.34, 4.80, 5.33, 5.85, 6.35 and 6.81). Insert: the linear relationship of the PL intensity at 587 nm vs. pH values,
Lex =420nm. (C) Sigmoidal fitting of pH-dependent PL intensity at 587 nm. The bright field (D) and PL (E) images of 10 pmol/L probe 1 in BR buffer-DMSO (viv=99:1) at
different pH. The error bars mean the standard deviations of three times experiment results under the same condition.
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Fig. 2. (A) Time course of PL intensity of 10 pmol/L probe 1 before and after adding 0.15 mol/L NaOH solution in BR buffer-DMSO (v:v=99:1, pH 1.81). (B) PL reversibility
of 10 pmol/L probe 1 in BR buffer-DMSO (v:v=99:1) solution between pH 1.81 and 6.81 by adjusting pH using concentrated HCl and NaOH. (C) PL intensity of 10 umol/L
probe 1 in BR buffer-DMSO (v:v=99:1) at pH 1.81 and 6.81 in the presence of various species: (1) blank; (2) 20 mmol/L Zn2*; (3) 0.5mmol/L Pb%*; (4) 20 mmol/L Mg?*;
(5) 30 mmol/L K*; (6) 1mmol/L Co?*; (7) 20 mmol/L Mn?*; (8) 0.1 mmol/L Cr3+; (9) 5mmol/L Hg?*; (10) 110 mmol/L Na*; (11) 5mmol/L Cd?*; (12) 1.2 mmol/L AP*; (13)
20mmol/L Ca?*; (14) 0.1 mmol/L Fe3*; (15) 25 mmol/L glucose; (16) 2mmol/L valine; (17) 2 mmol/L leucine; (18) 2 mmol/L DL-methionine; (19) 2 mmol/L arginine; (20)

2 mmol/L histidine. Aex =420 nm.
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Scheme 2. (A) The proposed intramolecular hydrogen bonds assisted pH-responsive
mechanism for probe 1. (B) Partial electron density distribution of optimized probe
1 and probe 1+H* models calculated based on DFT at B3LYP level with the 6-31G,
6-31G* and LANL2DZ mixed basis set. In this ball-stick model: hydrogen (white),
carbon (gray), oxygen (red), nitrogen (blue), chlorine (green). Mulliken charge of H;
is indicated in blue (§+) and O, is indicated in red (§-). (C) Partial 'H NMR spectra
of probe 1 in DMSO-dg (top) and in DMSO-dg-DCl at pH 2.0 (bottom).

ysis of probe 1 and possible probe 1+ H* from DFT analysis, the
electron density of Cq, O, and H; of probe 1 was decreased when
H* bound with aldehyde group (Table S1 in Supporting informa-
tion), similar with that in Ref. [33].

Pump-probe UV-vis absorption spectra show that there is a
strong positive excited state absorption signal at near 404 nm and
a wide absorption band at 450-800 nm. Two positive excited state
absorption signals at 550 nm and 700nm become obvious when
the pH increased from 1.81 to 6.81 (Fig. S6 in Supporting infor-
mation). With the increase of recording time, the absorption of ex-
cited species at 404 nm and 537 nm (Fig. S7 in Supporting informa-
tion) decay rapidly at pH 1.81. However, the absorption of excited
species at 404 nm (Fig. S7A) kept constant at pH 6.81. The absorp-
tion of excited species at 537 nm (Fig. S7B) decreased with the in-
crease of recording time at pH 6.81, which was slower compared
with that at pH 1.81. The lifetime (7) was determined to be 20
us (12 ns, 0.02%; 98 ns, 0.19%; 69 us, 99.79%) at pH 6.81 according
to a triexponential decay function, and 10ns (6 ns, 54.89%; 134 ns,
4511%) at pH 1.81 according to a biexponential decay function (Fig.
S8 in Supporting information). The great decrease of lifetime was
obtained at lower pH. The different lifetime suggests the different
excited states at different pH.

On basis of the fact of the differences of PL intensity, lifetime,
TH NMR, electron density distribution and transient absorption
spectra, as well as the fact that aldehyde group is located at 4-
position of 4-(2-pyridyl) benzaldehyde, therefore, a new pH sens-
ing mechanism, named as intramolecular hydrogen bonds assisted
pH-responsive mechanism, is proposed (Scheme 2). At pH > pKj,
an intramolecular C—H---O hydrogen bond between oxygen atom
of benzaldehyde unit and ortho hydrogen atom on the benzene

ring is formed, thus resulting in bright PL emission. At acidic pH
levels, the aldehyde group becomes protonated, there is no an in-
tramolecular C—H---O hydrogen with weak PL emission and blue-
shift emission from probe 1. Therefore, the aldehyde group at the
C-4 position of phenyl can be used as pH-responsive group for the
sensing of HT.

To evaluate the feasibility of the application of probe 1 for
tracking intracellular pH fluctuations, following experiments were
done. Firstly, the cytotoxicity of probe 1 to living cells was car-
ried with a standard CCK-8 assay (Fig. S9 in Supporting informa-
tion). The cell viability of Hela cells was above 80% after Hela
cells were treated with 20 pmol/L probe 1 for 24 h. Therefore, 20
pmol/L probe 1 was chosen because of its high PL intensity and
low cytotoxicity. Secondly, the subcellular localization of probe 1
in Hela cells was investigated via co-localization experiments us-
ing a commercially available mitochondria specific fluorescent dye
(Mito Tracker Green, MTG) or lysosome specific fluorescent dye
(Lyso Tracker Green, LTG). A bright fluorescence of probe 1 (orange
channel) was observed, which was overlapped with that of MTG
(green channel, Fig. S10 in Supporting information) with a Pear-
son’s coefficient of 0.556 and that of LTG (green channel, Fig. S11 in
Supporting information) with a Pearson’s correlation coefficient of
0.147. These results indicate that probe 1 can be internalized into
HeLa cells and predominantly accumulate in mitochondria, which
may be ascribed to that the positive charges of probe 1 make it
enter live cell easily and interact easily with mitochondria via elec-
trostatic interaction [34]. Thirdly, the photostability of probe 1 is
further tested by measuring the PL intensity in CLSM images of
HelLa cells stained with probe 1 or MTG. After placing the HeLa
cells stained with probe 1 or MTG on confocal laser scanning mi-
croscope, the fluorescence images of HelLa cells were recorded via
fluorescence collection windows of 550-630nm and 510-550 nm,
respectively, using excitation wavelengths of 405 and 488 nm at a
scan rate for a piece of photo per minute. Bright orange PL emis-
sion was observed from all CLSM images and the PL intensity kept
almost constant within 20 min. After 20 min, the PL intensity de-
creased with the increase of the recorded time. In comparison,
bright green PL emission was observed from all CLSM images and
the PL intensity decreased with the increase of recorded time. At
20 min, the PL intensity of probe 1 and MTG decreased to 88% and
8% of the initial PL intensity, respectively (Fig. S12 in Supporting
information). Good photostability was obtained for probe 1 in cells.

Lastly, the calibration curve of pH in Hela cells using probe 1
as PL probe was examined. HeLa cells were incubated with probe
1 and then fixed by formaldehyde and next exposed to differ-
ent pH cell culture medium. From bright fields, it can be seen
that the morphology of HelLa cells at different pH cell culture
medium basically maintained. Orange PL emission can be clearly
observed from all CLSM images at different pH. The PL inten-
sity decreased with the decrease of pH from 74 to 54. In or-
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Fig. 3. CLSM images of Hela cells at different pH values. HeLa cells were incubated with 20 pmol/L probe 1 for 30 min, and fixed by 4% formaldehyde and exposed to fresh
cell culture medium without phenol red at different pH for 20 min. The CLSM images were obtained over the collection windows of 550-630 nm with the excitation at

405 nm. Scale bar=5um. (B) Intracellular pH calibration curve of probe 1 in HeLa cells.

der to diminish the error coming from different cells, the rela-
tive cellular PL intensity (I;4 — I)/l;4 was used as analytical sig-
nal to quantity the pH value in cells, in which I represent the
average cellular PL intensity of probe 1 at different pH, I;4 rep-
resents the average cellular PL intensity of probe 1 at pH 74. A
good linear relationship was obtained in the range of pH 5.4-7.4.
The linear equation is (I;4—1)/l;4=2.81—-0.379pH (R=0.9969)
(Fig. 3). For comparison, the relative PL intensity (Igg1 —1I)/I581
was further used as analytical signal to quantity the pH value
in BR buffer-DMSO (viv=99:1). A good linear relationship was
obtained in the range of pH 1.81-6.81 with linear equation of
(Isg1 —D/lgg1 =131 -=0.19pH (R=0.9965) (Fig. S13 in Supporting
information). It can be seen that pH range is widening to 7.4 and
higher sensitivity is obtained in cell media, which is beneficial
to assay intracellular pH. The different pH ranges and sensitiv-
ity might be caused by the influence of intracellular biomolecules
[35] and difference of media [15].

The intracellular pH fluctuation is believed to be crucial for
understanding physiological and pathological processes. It was re-
ported that intracellular pH varies from 4.5 (lysosomes) to 8.0 (mi-
tochondria) in normal mammalian cells [11]. In tumor cells, pH in
the outer membrane of mitochondria is < 6.8 [36]. Encouraged by
the desirable pH-responsive property of probe 1 under neutral and
weak acidic conditions, we subsequently exploited the application
of probe 1 to monitor intracellular pH fluctuations under external
stimulation.

It was reported that phorbol myristate acetate (PMA) can stim-
ulate the endogenous generation of H,0, through the triggering
assembly of NADPH oxidase on the cell membrane, resulting in the
acidification to the inhibition of Na*/H* exchange [9,37-39]. Here,
the intracellular pH fluctuations under PMA stimulation were mon-
itored using CLSM imaging. Firstly, HeLa cells were pretreated with
probe 1, propidium iodide (PI) and Annexin V-fluorescein isoth-
iocyanate (Annexin V-FITC), and then co-incubated with 6pug/mL
PMA. As shown in Fig. 4A, upon the addition of PMA into the cell
culture medium, CLSM image shows that HeLa cells are well ad-
hered and possessed normal morphology. A slight and punctate
green emission from HeLa cell membrane and no red emission
were observed, indicating the normal cell status. HeLa cells exhib-
ited bright orange emissions, further confirming that the probe 1
could be internalized into HeLa cells. Under PMA stimulation for
5min, HelLa cells become bulge and some green emissions from
intact cell membrane were obtained from part of cells. There were
bright orange emissions but no red emissions from whole Hela
cells. After PMA stimulation from 10min to 30 min, membrane
blebbing was appeared from bright-fields. Green emission inten-
sity increased and orange emission intensity decreased, indicating
the beginning of apoptosis (early stage apoptosis) [9]. With the in-
crease of PMA stimulation time from 5 min to 30 min, orange emis-
sions from mitochondria were obtained from all HelLa cells and
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Fig. 4. (A) CLSM images of Hela cells. HeLa cells were firstly pretreated with
20 pmol/L probe 1 for 30 min at 37 °C, and then treated with 10 pumol/L Annexin-
FITC for 10min and treated with 10 pmol/L PI for another 5min at 37 °C. Im-
ages were recorded upon addition of 6 ug/mL PMA for different time. Images were
recorded using an excitation wavelength of 405nm (probe 1), 488 nm (FITC) and
515nm (PI), and the emission filters at 560-610 nm (probe 1), 510-550 nm (FITC)
and 615-655nm (PI). Scale bar=5pm. (B) PL intensity of probe 1 in per HeLa cell
treated with 6 ug/mL PMA for different time. (C) Intracellular pH in the HeLa cells
during 6pg/mL PMA stimulation for different time. The error bars mean the stan-
dard deviations of PL intensity of all intact cells in one CLSM images under the
same conditions.

the emission intensity gradually decreased (Fig. 4B), indicating pH
change of mitochondria during apoptosis.

For monitoring intracellular pH fluctuations under external
stimulation, the PL intensity of each cell in CLSM images was also
obtained using Image]. pH of single cell was calculated according
to the calibration curve (I;4 —I)/I;4vs. pH in Fig. 3, in which I74
and I are corresponding to the PL intensity of same single cell
without and with external stimulation, respectively. In this work,
the original pH value is defined as 7.4 at first image without exter-
nal stimulation due to the upper detection limit of pH using probe
1. Fig. 4C shows the intracellular pH change when HelLa cells were
treated with PMA for different time. During the PMA stimulation
process, the intracellular pH value dropped rapidly in first 10 min
and then gradually decreased to the range of 5.83-6.43 with an av-
erage of 6.19 with the increase of stimulation time within 30 min.
For example, pH is in the range of 7.30-7.57 with an average of
7.34 under PMA stimulation for 5min. pH is in the range of 6.01-
6.69 with an average of 6.39 under PMA stimulation for 10 min.

Ultrasound stimulation of cells is a promising way for cell ma-
nipulation with simplicity and without external chemicals [40,41].
It was reported that ultrasonic stimulation can induce changes
in cell morphology [42], cellular content [43], and pH [44] be-
cause of ultrasonic cavitation [45], or interaction between bubbles
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and cells [46] and increased temperature [47]. In this work, the
intracellular pH fluctuations under ultrasound stimulation were
further monitored using probe 1 as PL probe and CLSM imaging
technique. CLSM images of Hela cells pretreated with probe 1
were recorded under ultrasound stimulation for different time
(Fig. S14 in Supporting information) and pH value was calculated
according to Fig. 3. Under ultrasound stimulation for 5min, there
are orange emissions from Hela cells but there is no obvious
change in cell morphology from bright fields. In the course of
ultrasound stimulation from 5 min to 30 min, HeLa cells are firstly
shrinking and gradually becoming round. Orange emission in HeLa
cells slightly increased in first 5min and then gradually decreased
with the increase of stimulation time within 30 min (Fig. S14).
Under stimulation for 60 min, all HeLa cells become round with
membrane blebbing (Fig. S15 in Supporting information), which
is typical characteristics of apoptosis. It was also found that the
medium temperature kept constant when the ultrasonic time was
shorter than 40 min. The medium temperature increased slightly
(about 40 °C) with the ultrasonic stimulation time at 60 min.
Although there is no effect of temperature on the PL intensity
of probe 1 (Fig. S16 in Supporting information) in the range of
15-40 °C, intracellular pH fluctuations under ultrasound stimula-
tion within 30 min were studied without the change of medium
temperature. The pH value is defined as 7.4 without ultrasound
stimulation and pH value increased to 7.56-8.21 with an average
of 7.76 under ultrasound stimulation for 5min. The first increase
of pH indicates transient mitochondrial matrix alkalinization in
the course of ultrasound stimulation within 5 min, which is similar
with that under the oxidative-stress-induced apoptosis [9]. pH
then decreased to 6.77 and 6.15 under ultrasound stimulation for
20 min and 30 min, respectively. These results suggest that fluores-
cence method using probe 1 as pH probe can provide information
on intracellular pH fluctuations in the range of neutral and weak
acidic conditions under external stimulation, which is promising
for the in situ monitoring of treatment effects.

A new pH-responsive cyclometalated iridium(Ill) complex with
aldehyde group as pH-responsive group was reported for track-
ing intracellular pH fluctuations under external stimulation. An in-
tramolecular hydrogen bonds assisted pH-responsive mechanism
was proposed for sensing pH, in which an intramolecular C-H---O
hydrogen bond between oxygen atom of benzaldehyde unit and
ortho hydrogen atom on the benzene ring is formed, thus result-
ing in bright PL emission. At pH < pK,, the aldehyde group be-
comes protonated, there is no intramolecular C-H---O hydrogen
bond with weak PL emission and blue-shift emission from probe
1. This is the first observation of aldehyde-bearing cyclometalated
iridium(Ill) complex with pH-dependent PL behavior. Probe 1 dis-
played pH-dependent PL emission (in the range of 1.81 to 6.81),
fast response time (within 25s), good photostability and reversibil-
ity as well as low cytotoxicity and cell permeability. Furthermore,
probe 1 was successfully applied for imaging and tracking pH fluc-
tuations in HeLa cells under external stimulation. Different pH fluc-
tuations were obtained during the course of PMA stimulation and
ultrasound stimulation of HelLa cells. During the course of 6 pug/mL
PMA stimulation of HeLa cells, pH of mitochondria dropped rapidly
in first 10 min and then gradually decreased within 30 min. pH of
mitochondria increased within 5min and then decreased within
30min during the course of ultrasound stimulation of HeLa cells.
This work demonstrates that the aldehyde-bearing iridium(III)
complex is a promising pH-responsive probe for real-time imag-
ing intracellular pH fluctuations. The new pH sensing concept, in-
tramolecular hydrogen bonds assisted pH-responsive mechanism,
provides a promising strategy for pH sensing and the future design
of efficient pH-responsive probe in versatile applications.
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