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A new 1,10-phenanthroline (Phen) derivative, 3,8-bis(5methylthiophen-2-yl)-1,10-phenanthroline (PHT1), has been
synthesized and fully characterized including by single-crystal X-ray structure analysis. The electron-donating effects of
the two 5-methylthiophene groups lead to distinctive fluorescence emission enhancement on complexation with Zn2+
compared with non-emissive Phen. However, PHT1 shows
stronger Zn2+-sensing ability than 3,8-bis(thiophen-2-yl)1,10-phenanthroline (PHT0) or 3,8-bis(3-methylthiophen-2yl)-1,10-phenanthroline (PHT2) and longer-wavelength fluorescence emission (λem = 461 nm), which is vital for studies
of living systems, mainly because of the lower steric hindrance and the electron-donating effects of the 5-methyl
groups on the thiophene rings. More interestingly, PHT1 dis-

plays high selectivity towards Zn2+ over a broad range of pH
and has an extremely low detection limit (5 ppb). An approximately 51-fold Zn2+-selective CHEF response has been attributed to the formation of a 1:2 metal–ligand complex, and
the association equilibrium constant (Kass0) of [Zn(PHT1)2](ClO4)2 was determined to be 3.4 ⫻ 1012. Anionic effects and
variations in the 1H NMR spectra before and after zinc(II) ion
complextion were observed. Moreover, the ability of probe
PHT1 to sense Zn2+ within living HL-60, yeast, and HepG-2
cells has been explored, and the Zn2+-probing process in living cells was found to be reversible with a zinc chelator solution of N,N,N⬘,N⬘-tetrakis(2-pyridylmethyl)ethylenediamine
(TPEN).

Introduction

very strong binding of Zn2+. The approach followed is
based on increased ligand preorganization, derived from a
rigid ligand backbone such as naphthalimide[4] and fluorescein.[5] Phen-based chemosensors, bearing both strong chelating abilities and good conjugated π-systems,[6] have received considerable attention in recent years. These chemosensors were all designed by expanding the conjugated πsystem of Phen at the 5- and 6-positions[7] as well as at the
2- and 9-positions.[8] However, 3,8-extended Phen derivatives with dissimilar electronic effects have never been described as chemosensors.
In this work, a new 3,8-extended Phen compound, 3,8bis(5-methylthiophen-2-yl)-1,10-phenanthroline
(PHT1),
was synthesized and fully characterized. We anticipated that
PHT1 would bind Zn2+ and result in the chelation-enhanced fluorescence (CHEF) effect.[9] The data obtained
from fluorimetric titration and competition experiments
indicate that PHT1 is pH-stable and highly selective
towards Zn2+ over other metal ions. In addition, cell imaging tests were successfully performed in living HL-60,
yeast, and HepG-2 cells.

Transition-metal ions are essential nutrients for all forms
of life. Copper, iron, nickel, zinc, and cobalt have received
considerable attention in the pharmaceutical industry because of their unique chemical and physical properties.[1]
However, these properties also have potential for toxicity if
the amounts of transition-metal ions exceed certain levels.
Fluorescent chemosensors, which can selectively sense particular metal ion(s), have been widely used in clinical toxicology, waste management, bioremediation, and so on.[2]
Among the metal ions, Zn2+ is a widely recognized target
for sensing, because it is abundant in living systems and
involved, or may have influence, in a variety of processes
ranging from enzymatic activity to neurotransmission and
neuromodulation, DNA synthesis, gene expression, and
apoptosis, as well as some neurological disorders.[3]
The aim of this work was to design and synthesize novel
chemosensors that display enhanced levels of selectivity and
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Results and Discussion
As shown in Figure 1a, X-ray structural analysis of
PHT1·CH3CH2OH reveals that the two thiophene rings

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Eur. J. Inorg. Chem. 2012, 3844–3851

Fluorescent Chemosensor for Zn2+

Figure 1. ORTEP drawing of the molecular structure of (a) PHT1·CH3CH2OH and (b) the dimeric π–π stacking in the crystal structure
of PHT1·CH3CH2OH.

adopt cis and trans conformations relative to the central
Phen ring, and the dihedral angles between them are 2.1(2)
and 23.8(2)°, respectively. A strong O–H···N hydrogen bond
[D···A 2.894(5) Å, D···H···A 157°] is observed between the
hydroxy group of the solvent ethanol molecule and one of
the two Phen N atoms. Furthermore, dimeric π–π stacking
is found between adjacent Phen moieties as well as the Phen
and cis thiophene rings in the crystal structure of
PHT1·CH3CH2OH, with centroid–centroid separations of
3.621, 3.670, and 3.825 Å, respectively (Figure 1b).
UV/Vis (Figure 2a) and fluorescence spectra (Figure 2b)
were recorded upon the addition of 0–1.2 equiv. Zn(ClO4)2·
6H2O (CH3CH2OH/H2O, 9:1, v/v, λex = 325 nm). PHT1
displays a typical Phen band at 282 nm[10] and broad bands
centered at 359 and 375 nm, which have been attributed to
internal charge transfer (ICT). In the presence of 1.2 equiv.
Zn2+, a new band is observed at 405 nm due to ligand–
metal charge transfer between the central Zn2+ and PHT1.
In addition, a redshift from 375 to 390 nm is observed for

Figure 2. (a) UV/Vis and (b) fluorescence emission spectra of 10 μm
PHT1 upon the addition of 0–1.2 equiv. Zn2+ (CH3CH2OH/H2O,
9:1, v/v; λex = 325 nm).

Scheme 1. Proposed mechanism for the redshift fluorescence emission from purple to blue (10 μm PHT1 with 1 equiv. Zn2+ excited at
365 nm).
Eur. J. Inorg. Chem. 2012, 3844–3851
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the enhanced ICT process. The three well-defined isoabsorptive points at 299, 325, and 384 nm indicate the presence of a unique complex in equilibrium with free PHT1.
PHT1 emits strong fluorescence at 422 nm (Φf = 0.44)
with a shoulder band at 404 nm (λex = 325 nm) corresponding to its absorption spectrum. Upon the addition of Zn2+,
the emission band gradually shifts to 461 nm (Φf = 0.41),
thus a bathochromic shift of 39 nm is observed. A 1:2 stoichiometric ZnII complex binding mode is proposed, as depicted in Scheme 1, which agrees well with our previously
reported 1:2 ZnII complex of PHT0 formulated as
[Zn(PHT0)2](ClO4)2 (see Figure S1a in the Supporting Information).[11] The formation of this 1:2 metal–ligand complex is further confirmed by an ESI-MS peak centered at
m/z = 1031.00 {[Zn(PHT1)2](ClO4)2 + Na+} (see Figure S2)
and Job’s plots with an inflection at 0.36 (see Figure S3).
When excited at 405 nm, [Zn(PHT1)2](ClO4)2 emits the
most remarkable fluorescence emission at 461 nm, whereas
free PHT1 shows a very weak emission, as illustrated in

Figure 3. The inset of Figure 3 shows a plot of emission
intensity at 461 nm against the titration of Zn2+ from 0 to
1.2 equiv.; the fluorescence emission intensity reaches a plateau after the addition of about 0.52 equiv. Zn2+ (the inflection point), and the addition of further Zn2+ does not lead
to further emission enhancement. Figure 4 shows the results
of the fluorescence titration of 0.1 μm Zn2+ against 10 μm
PHT1. The linear fit for I461 against [Zn2+] (I461 nm =
7.41[Zn2+] + 4.83, r = 0.999, n = 11) demonstrates that the
Zn2+-sensing ability of PHT1 at [Zn2+]free is greatly lowered
to a level of 5 ppb. This extremely low detection limit
mainly profits from a 1:2 metal–ligand-ion binding mode,
which is different to the previously reported 1:1 ratio of
Phen-based Zn2+ complexes.[7,8] Moreover, the association
equilibrium constant (Kass0) was determined to be
4.9 ⫻ 1011 m–2 (Equation S1), which suggests an exceedingly
high affinity of PHT1 towards Zn2+, which can be attributed to the entropy contribution originating from the chelating effects of the PHT1 ligand.

Figure 3. Fluorescence emission spectra of 10 μm PHT1 upon the
addition of Zn2+ in CH3CH2OH/H2O (9:1, v/v; λex = 405 nm). Inset: Plot of emission intensity at 461 nm against the titration of 0–
1.2 equiv. Zn2+.

Figure 4. Fluorescence titration of 1 μm Zn2+ conducted with 10 μm
PHT1 in CH3CH2OH/H2O (9:1, v/v; λex = 405 nm). Inset: Plot and
linear fit of emission intensity at 461 nm against the titration of
0.1 μm Zn2+.

Figure 5. 3,8-Extended Phen derivatives together with the fluorescence emission spectra of the four compounds after the addition of
1 equiv. Zn2+.
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Comparative experiments on Zn2+-sensing characteristics were carried out with 10 μm Phen, PHT0,[6c] PHT1, and
PHT2[11b] solutions with the addition of 1 equiv. Zn2+.
Compared with Phen, which is nonfluorescent in the presence of ZnII, the other three compounds exhibit remarkable
fluorescence emission after metal-ion complexation, which
can be ascribed to the presence of extended π-systems due
to the introduction of electron-donating thiophene derivatives at the 3- and 8-positions of Phen. More interestingly,
PHT1 shows stronger Zn2+-sensing ability and a longerwavelength fluorescence emission at 461 nm (λex = 405 nm)
than PHT0 at 440 nm (λex = 381 nm) and PHT2 at 452 nm

(λex = 375 nm), which is vital for studies of living systems
mainly because of lower steric hindrance and the electrondonating effects of the 5-methyl groups on the thiophene
rings (Figure 5).
Competition experiments of Zn2+ with other metal ions
of interest were also undertaken. As can be seen in Figure 6a, PHT1 displays the CHEF effect with Zn2+ and
Cd2+. However, the emission peak of the Cd2+ complex
(Δλem = 450 nm) shows a hypsochromic shift of 11 nm compared with the Zn2+ complex (Δλem = 461 nm), which can
be easily distinguished by fluorescence spectrophotometry.
The fluorescence quenching effect was observed with Cu2+,

Figure 6. (a) Fluorescence spectra of 10 μm PHT1 in the presence of 1 equiv. various metal ions in CH3CH2OH/H2O (9:1, v/v; λex =
405 nm), λex = 405 nm. Mix1 = Na+, K+, Li+; Mix2 = Mg2+, Ca2+. (b) Three-dimensional column diagram for competition experiments
of Zn2+ with other metal ions of interest. Front bars: 10 μm PHT1 + 10 μm metal ions of interest; rear bars: 10 μm PHT1 + 10 μm metal
ions of interest + 10 μm Zn2+.

Figure 7. Effect of anionic species on the sensing of Zn2+. (a) Fluorescence spectra of 10 μm PHT1 in the presence of 1 equiv. various
zinc(II) salts (λex = 405 nm). (b) Quantum yields calculated from the fluorescence spectra.
Eur. J. Inorg. Chem. 2012, 3844–3851

© 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

www.eurjic.org

3847

W. Huang, G. Yin, et al.

FULL PAPER
Ni2+, and Co2+ and attributed to the previously reported
quenching mechanism.[12] However, the fluorescence
quenched by Ni2+ and Co2+ was restored immediately after
the addition of 1 equiv. Zn2+, which indicates that Zn2+ can
readily displace Ni2+ and Co2+ in the metal-ion coordination sphere.[13] However, with regard to Cu2+ with the d9
electronic configuration, the Zn2+-induced CHEF effect
was not observed, which is consistent with the Irving–Williams order Kass0(Zn2+) ⬍ Kass0(Cu2+)[14] reported for many
other Zn2+ chemosensors,[7a,8a] because of the contribution
of the Jahn–Teller stabilization energy. For a more direct
analysis, a three-dimensional column diagram for the competition experiments of Zn2+ with other metal ions of interest is also presented in Figure 6b for comparison.
Several common counterions of zinc salts, namely ClO4–,
OAc–, SO42–, NO3–, and Cl–, were tested to study the anionic interference of the Zn2+-sensing ability (Figure 7). The
first four species show similar quantum yields of around
0.4, with ClO4– exhibiting the highest value. The chloride
ion quenches the fluorescence emission to a certain extent,
which might be due to the fact that it competes with PHT1
to coordinate Zn2+. This hypothesis is evidenced by the new
single-crystal structure of [ZnCl2PHT2]·[ZnCl2(PHT2)2].
As shown in Figure S1b in the Supporting Information,
there are two kinds of metal centers with 1:1 and 1:2 metal/
ligand ratios in which two chloride ions occupy two binding
sites at each Zn2+.
Figure 8 shows the pH-dependent fluorescence changes
for PHT1 and the 2PHT1–Zn2+ complex. A plot of the integrated emission intensity reveal that PHT1 is stable in the
pH range 2–10. Thus, PHT1 can be used in more complex
systems. The interaction of PHT1 with Zn2+ was further
investigated by 1H NMR spectroscopy in [D6]dmso (Figure 9). After the addition of 1 equiv. Zn2+, the signals of
2,9- and 4,7-H of Phen, which are close to the coordinating
nitrogen atoms, are clearly shifted to a lower field due to
the deshielding effect of Zn2+ complexation.[13c]

Figure 8. Fluorescence responses of 10 μm PHT1 and 5 μm 2PHT1–
Zn2+ in the pH range 2–10 (λex = 405 nm).
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Figure 9. 1H NMR spectra of PHT1 in the absence (top) and in
the presence (bottom) of 1 equiv. Zn2+ in [D6]dmso.

The ability of probe PHT1 to sense Zn2+ within living
cells was explored by using PHT1 in living HL-60 cells. As
shown in Figure 10, when excited at 405 nm, HL-60 cells
incubated with 50 μm PHT1 at 37 °C for 30 min show a
very weak emission (top), whereas HL-60 cells pretreated
with PHT1 and subsequently incubated with 50 μm Zn2+
(37 °C, 30 min) display strong fluorescence emission in the
blue region (bottom). These results show the good cell compatibility of PHT1 and that it could be used for sensing
Zn2+ within living cells. Similar phenomena were observed
in yeast (see Figure S4 in the Supporting Information) and
HepG-2 cell imaging (Figure 11) experiments. Note also
that the above-mentioned Zn2+-probing process is reversible, because the cells show no fluorescence emission (Fig-

Figure 10. Phase contrast (left) and fluorescence (right) microscopy
images of HL-60 cells incubated with 50 μm PHT1 at 37 °C for
30 min without (top) and with (bottom) the addition of 50 μm
Zn2+.
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Figure 11. (a)–(c) Phase contrast images. Fluorescence microscopy images of (d) HepG-2 cells treated with 10 μm PHT1 for 30 min,
(e) sample in (d) treated with 10 μm Zn2+ for 20 min, (f) sample in (e) treated with 10 μm TPEN for 2 h.

ure 11c) after they have been treated with a zinc chelator
[N,N,N⬘,N⬘-tetrakis(2-pyridylmethyl)ethylenediamine
(TPEN)] at a concentration of 10 μm for 2 h.

est in the development of other fluorescent chemosensors,
and we believe this work will lead to the development of
other 3,8-extended Phen fluorescent chemosensors.

Conclusions

Experimental Section

A cell-compatible fluorescent chemosensor PHT1 for
Zn2+ has been described in which the electron-donating effects of the two 5-methylthiophene groups at the 3- and 8positions of Phen exhibit distinctive fluorescence emission
enhancement on complexation with Zn2+. In comparison
with Phen, which is nonfluorescent in the presence of Zn2+,
PHT0, PHT1, and PHT2 exhibit remarkable fluorescence
emission after metal-ion complexation, which has been attributed to the presence of extended π-systems due to the
introduction of electron-donating thiophene derivatives at
the 3- and 8-positions of Phen. In addition, PHT1 shows
stronger Zn2+-sensing ability than PHT0 and PHT2 and
longer-wavelength fluorescence emission (λem = 461 nm),
which is vital for studies of living systems, mainly because
of lower steric hindrance and the electron-donating effect
of the 5-methyl groups on the thiophene rings.
More interestingly, PHT1 displays high selectivity for
Zn2+ over a broad pH range and has an extremely low detection limit (5 ppb). An approximately 51-fold Zn2+-selective CHEF response has been attributed to the formation
of a 1:2 metal–ligand complex, and the association equilibrium constant (Kass0) of [Zn(PHT1)2](ClO4)2 was determined to be 4.9 ⫻ 1011 m–2. Anionic effects and variations
in the 1H NMR spectra before and after zinc(II) ion complexation were observed. Moreover, the ability of probe
PHT1 to sense Zn2+ within living HL-60, yeast, and HepG2 cells has been explored, and the Zn2+-probing process in
living cells was found to be reversible with a zinc chelator
solution of TPEN. This design strategy and the remarkable
photophysical properties reported herein are of great inter-

Materials and Measurements: All melting points were measured
with an X-4 micro melting point apparatus. Compounds 3,8-bis(thiophen-2-yl)-1,10-phenanthroline (PHT0) and 3,8-bis(3-methylthiophen-2-yl)-1,10-phenanthroline (PHT2) were synthesized according to our previously reported synthetic approaches. The other
reagents of analytical grade were purchased directly from commercial sources and used without further purification. Tetrahydrofuran
(thf) was freshly distilled from sodium/benzophenone prior to use.
Anhydrous solvents were drawn into syringes under a flow of dry
N2 gas and directly transferred into the reaction flasks to avoid
contamination. Column chromatography was carried out on silica
gel (300–400 mesh), and analytical TLC was performed on glass
plates of silica gel GF-254 with detection by UV. Elemental analyses were carried out with a Perkin–Elmer 1400C analyzer. IR spectra (4000–400 cm–1) were collected with a Nicolet FT-IR 170X
spectrophotometer at 25 °C using KBr discs. 1H and 13C NMR
spectra were recorded with a Bruker AM-500 NMR spectrometer
using TMS (SiMe4) as an internal reference at room temperature.
UV/Vis spectra were recorded with a Shimadzu UV-3600 doublebeam spectrometer using a quartz glass cell with a pathlength of
10 mm at room temperature. Mass spectra were recorded with a
Thermo LCQ Fleet mass spectrometer. ESI mass spectra were recorded with a Finnigan MAT SSQ 710 mass spectrometer in the
scan range 200–2000 a.m.u. Fluorescence spectra were recorded at
room temperature with a Shimadzu RF-5301PC spectrophotometer, and Rhodamine B was used as a standard for the determination
of fluorescence quantum yields. The biological imaging tests were
carried out with an Olympus FV-1000 and Leica TCS-SP5 laser
scanning confocal fluorescence microscopes.

Eur. J. Inorg. Chem. 2012, 3844–3851

Caution! Perchlorate salts are potentially explosive and should only
be prepared in small quantities; no such problems were encountered in any of the syntheses reported, but great care must always
be exercised.
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X-ray Data Collection and Structural Determination: Single-crystal
samples of PHT1·CH3CH2OH and [ZnCl2PHT2]·[ZnCl2(PHT2)2]
were covered with glue and mounted on glass fibers for data collection with Mo-Kα radiation (λ = 0.71073 Å) and a Bruker SMART
1K diffractometer equipped with a CCD camera. Data collection
was performed by using the SMART program, and cell refinement
and data reduction were made with the SAINT program.[15] The
crystal systems were determined by Laue symmetry, and the space
groups were assigned on the basis of systematic absences using
XPREP. The structures were then solved by direct methods and
refined by least-squares methods on Fo2 by using the SHELXTL
software package.[16] All non-hydrogen atoms were refined anisotropically, and all hydrogen atoms were inserted at the calculated
positions, assigned fixed isotropic thermal parameters, and allowed
to ride on their respective parent atoms. All the calculations were
performed with a PC, and molecular graphics were drawn by using
XSHELL software. The data collection and refinement for
PHT1·CH3CH2OH and [ZnCl2PHT2]·[ZnCl2(PHT2)2] are summarized in Table 1. CCDC-853767 and -853768 contain the supplementary crystallographic data for this paper. These data can be
obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Synthesis of PHT1: Activated Mg turnings (0.71 g, 29.21 mmol) in
anhydrous thf (5 mL) and a catalytic amount of iodine were added
to a flame-dried 100 mL three-necked flask and stirred vigorously
at room temperature under argon. Then a solution of 2-bromo-5methylthiophene (1.7 mL, 15.10 mmol) in anhydrous thf (5 mL)
was slowly added dropwise to the reaction mixture. Once the vigorous reaction had started, the rest of the 2-bromo-5-methylthiophene solution was added dropwise to keep the mixture at reflux.
The mixture was then heated at reflux for 30 min and added
through a cannula into an ice-cooled solution of 3,8-dibromo-1,10phenanthroline (2.01 g, 5.95 mmol) and [Ni(dppp)Cl2] (0.09 g,
0.17 mmol) in dry thf (50 mL). After stirring at room temperature
for 2 h, the reaction mixture was heated at reflux for another 12 h,
cooled to room temperature, quenched with saturated NH4Cl aqueous solution, and extracted thoroughly with chloroform (CHCl3)

until no more products could be detected by TLC. The organic
layer was washed with brine and purified by column chromatography (silica gel; CHCl3/petroleum ether, 1:1). Finally, the lightyellow solid PHT1 was obtained in a yield of 1.61 g (72.7 %) after
removal of the solvent. M.p. 282–283 °C. FTIR (KBr pellets): ν̃ =
3410 (w), 2921 (m), 2361 (m), 1635 (m), 1603 (s), 1489 (s), 1445 (s),
1091 (vs), 800 (m), 774 (m) cm–1. 1H NMR (500 MHz, CDCl3): δ
= 9.45 (s, 2 H, phen), 8.31 (d, J = 1.9 Hz, 2 H, phen), 7.83 (s, 2 H,
phen), 7.41 (d, J = 3.5 Hz, 2 H, thiophenyl), 6.86 (d, J = 2.7 Hz, 2
H, thiophenyl), 2.58 (s, 6 H, Me) ppm. 13C NMR (125 MHz,
CDCl3): δ = 147.7, 144.1, 141.7, 137.8, 130.9, 129.8, 128.4, 127.0,
126.8, 124.9, 15.5 ppm. MS (ESI): m/z = 395.17 [PHT1 + Na]+,
767.08 [2 PHT1 + Na]+. UV/Vis (ethanol/water, 9:1, v/v): λmax (ε)
= 375 (34000), 359 (36560), 256 (25270), 221 (14040 L mol–1 cm–1)
nm. Fluorescence emission (ethanol/water, 9:1, v/v): λmax = 404,
422 nm. C22H16N2S2 (372.50): calcd. C 70.93, H 4.33, N 7.52;
found C 70.79, H 4.55, N 7.41.
HL-60 Cell Imaging: A suspension of HL-60 cells (human
promyelocytic leukemia cells) were cultured in Dubelcco’s modified
Eagle’s medium (DMEM), supplemented with 10 % fetal bovine
serum (FBS), penicillin (100 μg mL–1), and streptomycin
(100 μg mL–1) under 5 % CO2 at 37 °C. The cells were washed with
Hank’s balance salt solution (HBSS) prior to use. HL-60 cells were
suspended in HBSS and incubated with 50 μm PHT1 at 37 °C for
45 min. After dye loading, cells were washed with HBSS and then
divided into two flasks with a 1 mL cell suspension. A Zn2+ solution (50 μL, 1 mm) was added to one of the flasks for stimulation,
and both were incubated at 37 °C for another 20 min. A confocal
laser-scanning microscope (TCS SP5, Leica, Germany) was used
for image acquisition. A laser diode (405 nm) was used to excite
PHT1, and a 450–500 nm emission filter was used for the fluorescence image.
Yeast Cell Imaging: Saccharomyces cerevisiae was cultured in the
yeast extract peptone dextrose (YPD) liquid medium (peptone 20 g,
yeast extract 10 g, dextrose 20 g, distilled water 1000 mL) at 30 °C
for 12 h. For cell staining, the cells were incubated with a 40 μm

Table 1. Crystallographic data and structure refinement data for PHT1·CH3CH2OH and [ZnCl2PHT2]·[ZnCl2(PHT2)2].
Compound

PHT1·CH3CH2OH

[ZnCl2PHT2]·[ZnCl2(PHT2)2]

Empirical formula
Mr
T [K]
Crystal size [mm]
Crystal system
Space group
a [Å]
b [Å]
c [Å]
α [°]
β [°]
γ [°]
V [Å3]
ρcalcd. [g cm–3]/Z
F(000)
μ [mm–1]
Max./min. h, k, l
Collected reflections
Unique reflections
Parameters
R1/wR2[a]
GOF on F2
Max./min. Δρ [e Å–3]

C24H22N2OS2
418.56
173(2)
0.12 ⫻ 0.12 ⫻ 0.10
monoclinic
P21/c
10.791(3)
20.465(5)
9.441(2)
90
90.02(1)
90
2084.9(9)
1.333/4
880
0.273
12/–11, 24/–21, 11/–11
11480
3663
266
0.0535/0.0649
1.10
0.57/–0.45

C66H48Cl4N6S6Zn2
1390.00
291(2)
0.10 ⫻ 0.10 ⫻ 0.10
monoclinic
P2/c
10.791(3)
10.708(7)
29.338(15)
90
113.36(4)
90
6262(7)
1.473/4
2836
1.184
25/–24, 11/–12, 34/–34
11000
3528
733
0.0837/0.2162
0.84
3.05/–1.23

[a] R1 = Σ||Fo| – |Fc||/Σ|Fo|, wR2 = {Σ[w(Fo2 – Fc2)2]/Σw(Fo2)2}1/2.
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solution of PHT1 in Tris-HCl (0.01 m, pH = 7.2) at 30 °C for 1 h.
The sensor solution was then removed, and the cells were washed
twice with phosphate-buffered saline (0.01 m PBS, pH = 7.4) to
remove extracellular PHT1. The cells were subsequently divided
into two groups. The first was used as a control group without the
addition of Zn2+ solution; the other was treated with a 40 μm solution of Zn2+ at 30 °C for 30 min. An Olympus FV-1000 confocal
laser-scanning fluorescence microscope was used for image acquisition. The cells were dropped onto glass slides and excited at
405 nm. The emission was monitored from 450 to 500 nm.
HepG-2 Cell Imaging: HepG-2 cells were grown in Dulbecco’s
modified Eagle’s medium (DMEM) supplemented with 10 % FBS,
penicillin (100 μg mL–1), and streptomycin (100 μg mL–1) at 37 °C
and under 5 % CO2. Before staining, the cells were washed twice
with fresh DMEM and subsequently exposed to a 10 μm solution
of PHT1 at room temperature for 30 min. After washing twice with
fresh DMEM, the cells were immersed in a 10 μm solution of Zn2+
for 20 min, DMEM was then removed, and the cells were washed
twice with fresh DMEM. Finally, the cells were treated with 10 mm
TPEN, and images were recorded with an Olympus FV-1000 confocal laser-scanning fluorescence microscope. Excitation was performed at 405 nm, and emission was monitored from 450 to
500 nm.
Supporting Information (see footnote on the first page of this article): 1H and 13C NMR and ESI mass spectra of PHT1.
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