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ABSTRACT: It is of great importance for the highly selective,

rapid, and sensitive detection of Cu(II) ion, as copper is an essential ©
element in the environment and the human body, and exposure to
high concentrations of Cu(1I) will potentially cause health issues. In oo

this work, we have developed a novel catalytic Heck reaction
system based on Pd(II)-porphyrinic metal—organic framework
(MOF), PCN-222-Pd(1I), to generate highly fluorescent product in PCN-222-Pd(ll)
the presence of Cu(II). In this system, the achieved signal

enlargement toward Cu(Il) with high sensitivity not only takes

advantage of a stronger binding affinity of Cu(II) over Pd(II) to the & ©u(ll
nitrogen atoms in the porphyrin, but also a rapid Pd(0)-catalyzed @ Pd(Il)
Heck-reaction triggered by the addition of Cu(Il) ion. Compared @ M() (M=Co,Cd, N) \
with the previous detection methods, the current fluorescence o B
“turn-on” approach not only realizes highly selective and sensitive

detection of Cu(II) in aqueous solution, but also is able to separate the Cu(II) from the system. This work would open up a new
door for MOF applications in the detection of metal ions in complex environments.

Bl INTRODUCTION based reactive probes,”*’ catalytic reaction-based probes,”*~*’
DNAzyme catalytic beacon sensors,”*® and click chemistry.”’
Among them, the catalytic reaction-based signal amplification
probes have attracted intense interest, such as Heck-coupling
reaction, catalytic hydrolysis of esters, Mannich-Type reaction,
C—O bond cleavage reaction-based system, and so forth.”*~*’
It is noteworthy that although most of these methods exhibit
sensitive signal response toward Cu(Il) ion, they are not
suitable for exclusive monitoring of Cu(II) ion in a quantitative

Copper is a ubiquitous metal that plays an important role in
environmental and chemical areas. Moreover, as an essential
element in biological systems, low concentrations of copper
possess the important function for the enzyme activity owing to
its redox-active nature.’ However, it would bring about
pollution when too much copper leaks into the environment
through multiple ways, and excessive concentrations of copper

in the body might cause gastrointestinal disturbance and

damage to the liver and kidneys.”” Particularly, the U.S. fashion in complicated aqueous systems, partially due to the
poor water solubility/dispersity of the sensors. Meanwhile, the

homogeneous sensors are difficult to remove from the system.
Therefore, it is desirable to develop a heterogeneous system for
highly selective, sensitive, and quantitative monitoring for
Cu(II) ion in aqueous media.

To meet this challenge, the rising crystalline porous
materials, metal—organic frameworks (MOFs),”*™** could be

Environmental Protection Agency (EPA) has set the limit of
copper concentration in drinking water to be 1.3 ppm (~20
uM). Therefore, it is necessary to develop a highly selective and
sensitive method for the detection of Cu(Il) in aqueous
phase.*”

Several detection techniques for metal ions have been
reported, including inductively coupled plasma mass spectrom-

etry (ICP-MS) and inductively coupled plasma atomic emission an alternative solution, given their remarkable features in
spectrometry (ICP-AES), and so forth.'*~'2 In addition, quite a modular assembly, high surface area;,3 _tgnability, as well as
few “turn-oft” sensors have been developed based on the well- potential multifunctional applications.” A few MOFs 423‘;%
known fluorescent quenching character of Cu(II) jon, 13720 been reported to exhibit sensing behavior for metal ions,
However, the “turn-off” sensors are often not as sensitive as the almost all of which are based on the fluorescence “turn-off”
fluorescence enhancement response and hardly used for Cu(II) mechanism with the intrinsic disadvantage mentioned above.
detection because of the strong hydration ability of Cu(Il) in

aqueous solution.*'® More recently, many efforts have been Received: July 24, 2016

dedicated to designing the “turn-on” fluorescent sensors,” ™ Revised:  August 27, 2016

including excited-state intramolecular proton transfer (ESIPT)- Published: August 29, 2016
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One major challenge here is to develop a novel MOF system
that simultaneously realizes sensitive fluorescence “turn-on”
detection and the removal of the metal ions. Recently, Zr-
porphyrinic MOFs have attracted escalating interest owing to
their unique electronic structures and properties as well as
exceptional stability.”' = For example, the PCN-222 (PCN =
porous coordination network, also called MOF-545 or MMPE-
6) constructed by Zr-oxo clusters and tetrakis(4-
carboxyphenyl)porphyrin (TCPP) exhibits ultralarge channels
(3.7 nm), high BET surface area (BET, >1600 m?/g), and
remarkable stability (pH = 0-9).°'~>* Remarkably, the
involved free-base porphyrin could be inserted into and
possesses different affinities to various metal ions, providing
potential recogmtlon ablhty for particular metal ions and thus
for sensing function.®’ With these unportant features, PCN-222
could be an ideal platform as a “turn-on” sensor for Cu(Il)
detection, involving aniline as a probe molecule, based on the
following design: (1) the Pd(II) is preinserted into the
porphyrin center to give PCN-222-Pd(Il); (2) PCN-222-
Pd(II) is highly sensitive to Cu(II), and the Pd(II) is easily
replaced by Cu(II) due to a stronger binding affinity between
porphyrin and Cu(II) than Pd(II). Simultaneously, the isolated
Pd(II), in an equal amount to the inserted Cu(II), would be
rapidly reduced in situ to Pd nanoparticles (NPs) stabilized by
PCN-222-Pd(11)/Cu(II); (3) the nonfluorescent aniline will be
converted to fluorescent ring-closing product via Heck cross-
coupling reaction over Pd NPs and thus the Cu(II) detection
can be realized based on the difference of fluorescence intensity
(Scheme 1). The key point lies in the metal ion exchange from

Scheme 1. Preparation Process from Base-Free PCN-222 to
PCN-222-Pd(1I) and Finally to Pd NPs/PCN-222-Pd(II)/
Cu(II) which Catalyzes Nonfluorescent Aniline to
Fluorophore Product via Heck Cross-Coupling Reaction,
Reahzlng Cu(II) Detection and Separation

" Non
¥ ‘)?' Fluorescence

Pd Nmneu-ﬂuumcqm

PCN-222 PCN-222-Pd(ll)

weakly bonded Pd(II) to strongly bonded Cu(II) in porphyrin
centers in PCN-222. In addition, the large channels in PCN-
222 would not only facilitate the transportation of Cu(Il) and
catalytic substrate/product but also favor the stabilization/
confinement of Pd NPs. To the best of our knowledge, this is
the first work demonstrating metalloporphyrin-based MOFs for
catalytic signal amplification, which is used in highly selective
fluorescence chemosensors for trace amounts of Cu(II) ion and
performs a very low detection limitation in reference to those
reported MOF sensors.

B EXPERIMENTAL SECTION

Materials and Instrumentation. All commercial chemicals were
used without further purification unless stated otherwise. Powder X-
ray diffraction patterns (XRD) were carried out on either a Japan
Rigaku SmartLab rotation anode X-ray diffractometer or a Holland
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X’Pert PRO fixed anode X-ray diffractometer equipped with graphite
monochromatized Cu Ka radiation (A = 1.54178 A). Fluorescent
emission spectra were conducted on a LS-55 fluorescence
spectrometer made by PerkinElmer. The UV—vis absorption spectra
were recorded on a UV—vis spectrophotometer (TU-1810, Beijing
Pgeneral, China) in the wavelength range of 200—800 nm. The
contents of Pd and Cu species in the samples were quantified by an
Optima 7300 DV inductively coupled plasma atomic emission
spectrometer (ICP-AES). Field-emission scanning electron micros-
copy (FE-SEM) was carried out with a field emission scanning
electron microanalyzer (Zeiss Supra 40 scanning electron microscope
at an acceleration voltage of S kV). The size, morphology, and
microstructure of Pd NPs/PCN-222-Pd(II)/Cu(II) were investigated
using transmission electron microscopy (TEM) on JEOL-2010 with an
electron acceleration energy of 200 kV. The nitrogen sorption
isotherms were measured using automatic volumetric adsorption
equipment (Micrometritics ASAP 2020). Prior to nitrogen adsorp-
tion/desorption measurements, the as-synthesized samples were
activated in DMF with 2 M HCI and then subsequently washed
sufficiently with DMF and acetone. Then the solid was left to soak in
acetone for a certain time. Following that, the sample was dried in
vacuum at 50 °C for 12 h and then 120 °C overnight. The '"H NMR
was recorded on a Bruker AC-400 FT (400 MHz) using TMS as
internal reference. Catalytic reaction products were analyzed and
identified by gas chromatography (GC, Shimadzu 2010Plus with a
025 mm X 30 m Rtx-$ capillary column).

Preparation of Ligand. The tetrakis(4-carboxyphenyl)porphyrin
(H,TCPP) was prepared according to procedures described in
previous report.”’ Typically, pyrrole (6.0 g, 0.086 mol), methyl p-
formylbenzoate (14 g, 0.084 mol) and propionic acid (200 mL) were
mixed in a 500 mL three-necked flask. Then the solution was refluxed
at 140 °C overnight. After cooling to room temperature, the purple
solid was filtrated, followed by thorough washing with ethanol, ethyl
acetate, and THF, and finally drying in vacuum at 60 °C. The obtained
ester (6 g) was dissolved in a mixed solvent of THF (100 mL) and
MeOH (100 mL), and then KOH (21 g, 375.6 mmol) in H,O (100
mL) was introduced. This mixture was refluxed for 12 h. After being
cooled down to room temperature, the organic solvents were
evaporated. Additional water was added to the resulting mixture to
give a homogeneous solution, followed by acidification with 1 M HCI
until no further precipitate was produced. Finally, the purple solid was
collected by filtration, washed with water, and dried in vacuum at 60
°C.

Preparation of PCN- 222 The PCN-222 was prepared according
to the documented method.”’ Typically, ZrCl, (70 mg), TCPP (50
mg), and benzoic acid (2.7 g) in 8 mL of DEF were ultrasonically
dissolved in a 20 mL high-pressure autoclave. The mixture was first
heated in a 120 °C oven for 48 h and then in a 130 °C oven for
another 12 h. After being cooled down to room temperature, dark
brown needle shaped crystals were harvested by filtration.

Preparation of N-Allyl-2-iodoaniline. The allyl bromide (3.0
mmol, 100 L) was slowly and dropwise added into a solution of 2-
iodoaniline (2.5 mmol, 547.6 mg) and potassium carbonate (1.0
equiv) in DMF (15 mL). Then, the reaction mixture was allowed to
stir at room temperature for 16 h. Finally, the reaction mixture was
extracted with ethyl acetate (1S mL) for at least three times. The
organic layer was dried with MgSO, and then filtered and evaporated,
followed by silica gel column chromatography (EtOAc/hexane, 1/20)
to afford pure N-allyl-2-iodoaniline (yield, 80%).

General Procedures for the Heck Cross-Coupling Reaction
over Different Catalytic Systems. With PCN-222-Pd(ll) in Absence
or Presence of Cu(ll). A 20 mL mixture of acetonitrile and water (V:V
=10:1) in a 25 mL three-neck, round-bottom flask was deoxygenated
by bubbling nitrogen for at least 1 h, followed by the addition of
activated PCN-222 (containing 0.025S mM porphyrin unit), and the
mixture was sonicated for around 20 min until it became
homogeneous. After bubbling nitrogen for 1 h, palladium acetate
solution with the desired concentration (0.025 mM) was added
dropwise over a period of 10 min during constant vigorous stirring.
Then the resultant mixture was stirred at 60 °C under nitrogen
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atmosphere for 1 h to afford PCN-222-Pd(Il). The N-allyl-2-
iodoaniline (0.5 mM), tri(o-tolyl)phosphine (cocatalyst, 0.05 mM),
and TEA (1 mM) were added into the above mixture solution under
nitrogen, and the reactant system was bubbled with nitrogen for
another 1 h. The reaction started when a series of copper acetate
solutions with various concentrations (0.05—2 yM) was added into the
flask. The emission spectra were taken every 10 min to track the
reaction process. The fluorescent product was excited at 275 nm, and
the emission at 351 nm was monitored.

With PCN-222-Cu(ll) in Absence or Presence of Pd(ll). A 20 mL
mixture of acetonitrile and water (V:V = 10:1) in a 25 mL three-neck
round-bottom flask was deoxygenated by bubbling nitrogen for at least
1 h. Followed by the addition of activated PCN-222 (containing 0.025
mM porphyrin unit), the mixture was sonicated for around 20 min
until it became homogeneous. After bubbling nitrogen for 1 h,
copper(Il) acetate solution (0.025 mM) was added dropwise over a
period of 10 min during constant vigorous stirring to afford PCN-222-
Cu(Il). Then, N-allyl-2-iodoaniline (0.5 mM), tri(o-tolyl)phosphine
(0.05 mM), and TEA (1 mM) were added into the above mixture
solution, and the reactant system was bubbled with nitrogen for
another 1 h. The reaction started when palladium acetate (0.025 uM)
was added into the flask. The emission spectra were taken every 10
min to track the reaction process.

With H,-TCPP. A 20 mL mixture of acetonitrile and water (V:V =
10:1) in a 25 mL three-neck round-bottom flask was deoxygenated by
bubbling nitrogen for at least 1 h. Followed by the addition of
activated H,-TCPP (containing 0.025 mM porphyrin unit), the
mixture was sonicated for around 20 min until it became
homogeneous. After bubbling nitrogen for 1 h, palladium acetate
solution with the desired concentration was added dropwise over a
period of 10 min during constant vigorous stirring. Then the resultant
mixture was stirred at 60 °C under nitrogen atmosphere for 1 h to give
Pd(II)-TCPP. The N-allyl-2-iodoaniline (0.5 mM), tri(o-tolyl)-
phosphine (0.05 mM), and TEA (1 mM) were added into above
mixture solution under nitrogen, and the reactant system was bubbled
with nitrogen for another 1 h. The reaction started when copper
acetate solution (0.25 uM) was added into the flask. The emission
spectra were taken every 10 min to track the reaction process.

B RESULTS AND DISCUSSION

The PCN-222 with free-base porphyrin in needle shape (Figure
S1 of the Supporting Information) was synthesized according
to the documented method.”" The high N, adsorption and
surface area (1611 m?/g) demonstrate the highly porous
structure of PCN-222 (Figure S2). The porphyrin unit involved
in PCN-222 is able to capture metal ions under certain
conditions. Therefore, the Pd(II) with an equivalent amount of
porphyrin was used to chelate with the porphyrin N atoms to
form PCN-222-Pd(II), which then acts as a highly selective
probe for Cu(Il) ion in aqueous solution. The Heck cross-
coupling reaction between N-allyl-2-iodoaniline and allyl
bromide has been chosen for the detection because of the
completely different fluorescent properties between reactants
(nonfluorescent) and product (3-methylindole, fluorescent), as
previously reported.”* The fluorescence of the product, tracking
the reaction progress, can be simply monitored by fluorescent
emission spectrum during the catalytic reaction.

The as-synthesized N-allyl-2-iodoaniline (0.5 mM, identified
by "H NMR, Figure S3), tri(o-tolyl)phosphine (0.05 mM), and
triethylamine (TEA, 1 mM) were added into the acetonitrile—
water solution with PCN-222 (containing 0.025 mM porphyrin
unit) under nitrogen. After bubbling the reaction system with
nitrogen, the reaction started after copper acetate solutions with
different concentrations (0.05—2 uM) were introduced. Each
equivalent of Cu(II) will free up the same amount of Pd(II) to
be reduced to Pd NPs, producing Pd NPs/PCN-222-Pd(II)/
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Cu(Il) for catalyzing the Heck coupling reaction. As a result,
the nonfluorescent aniline was quickly converted to the
fluorescent indole product, and the fluorescence was catalyti-
cally “turned-on”. The solution was excited at 280 nm
(absorption maximum), and the emission at 351 nm was
monitored for the indole product (Figure 1). The fluorescence
emission spectra were recorded every 10 min to track the
reaction process.
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Figure 1. (a) Absorption spectrum of the product 3-methylindole. (b)
Emission spectra of the reactant (N-allyl-2-iodoaniline) and product
(3-methylindole). The solution was excited at 280 nm.

As displayed in Figure 2a, the fluorescence intensity of the
mixture solution in the presence of 0.25 uM Cu(Il) persistently
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Figure 2. (a) The fluorescence spectra of the solution during the Heck
reaction (0.2S uM Cu(Il) as a representative; inset: the optical
photographs for the reaction solution before and after the catalytic
reaction under UV light irradiation). (b) The relationship between the
fluorescence intensity of the solution vs time, reflecting the initial
reaction rate toward various concentrations of Cu(II). (c) Slope
(initial rate) vs the concentration of Cu(Il) ranging from 2000 to SO
nM. (d) Powder XRD patterns for simulated PCN-222 and
experimental PCN-222-based catalysts after sensing of different
metal ions. Reaction conditions: PCN-222 (involving 0.025 mM
porphyrin), N-allyl-2-iodoaniline (0.025 mM), tri(o-tolyl)phosphine
(0.05 mM), TEA (1 mM), CH,CN/H,O (10/1), 60 °C, and N,
bubbling.

increases along with the generation of fluorescent product
during the reaction process. Similarly, the fluorescence intensity
of the solution with other Cu(II) concentrations also increases
along with reaction time (Figure S4). Accordingly, the original
colorless solution becomes blue under UV light irradiation
(Figure 2a, inset). Figure 2b indicates the relation-ship between
the fluorescence intensity and time, with various concentrations
of Cu(Il) introduced into the reaction solution. As expected,
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along with the decreasing Cu(II) concentration introduced, the
slopes of the curves that represent initial rate kinetics gradually
decreases. Strikingly, the detection limit based on PCN-222-
Pd(II) for Cu(Il) is able to reach 50 nM, which is far below the
limit of copper in drinking water that required by U.S. EPA
(~20 M) and almost all gpreviously reported MOF sensors for
metal ion (Table S1).**7°° Furthermore, there almost exists a
linear relationship between the slope and Cu(II) concentration
(Figure 2c), indicating that 1 equiv of Cu(II) frees up the same
amount of Pd(I). In light of this result, the PCN-222-Pd(II)
could be used as a standard reference material for Cu(II)
detection in environmental and industrial wastewater. Remark-
ably, the resultant catalyst containing Cu(II) is readily
separated from the reaction system via simple centrifugation.
In contrast, the previously reported Cu(II) fluorescent sensor
(PAC-Pd(II)) is hard to be separated from the homogeneous
system.”* The powder X-ray diffraction (XRD) profiles for Pd
NPs/PCN-222-Pd(11)/Cu(II), in which 0.25 uM Cu(II) as a
representative hereafter unless otherwise specified, demonstrate
the retained crystallinity and structural integrity of the PCN-
222 framework (Figure 2d). Nitrogen sorption at 77 K shows
the of PCN-222 is mostly maintained in the obtained Pd NPs/
PCN-222-Pd(11)/Cu(Il) catalyst, the BET surface area of
which is 1190 m*/g (Figure SS). The decrease of the surface
area could be attributed to the mass contribution of the
additional Cu(II) and the partial blocking of the MOF pores }?I
the Pd NPs, which is in agreement with previous reports.”>”**
The transmission electron microscopy (TEM) observation for
Pd NPs/PCN-222-Pd(II)/Cu(Il) shows the generation of
uniformly dispersed Pd NPs with average size of ~3.6 nm
(Figure S6). The powder XRD pattern of Pd NPs/PCN-222-
Pd(II)/Cu(Il) in a wide range presents the signal of Pd(0)
species, further reflecting the presence of crystalline Pd NPs
(Figure S7). X-ray photoelectron spectroscopy (XPS) spectrum
for Pd NPs/PCN-222-Pd(1I)/Cu(Il) demonstrates the pres-
ence of C, Cu, Pd, O, and N (Figure S8a). The metallic Pd
species can be clearly identified by the binding energies at
336.07 and 341.33 eV, respectively, assignable to Pd 3d;,, and
3d;/,, and the shoulder peaks at 338.09 and 343.34 eV can be
related to the 3ds;, and 3d;,, levels of Pd(II), respectively
(Figure S8c), implying that only a part of the Pd(Il) cations
were reduced to Pd(0). The very weak peak at 933.4 eV for
Cu(Il) 2p;,, suggests the low content of Cu species (Figure
S8d). Inductively coupled plasma atomic emission spectrom-
etry (ICP-AES) has confirmed that the actual contents of Pd
(8.11 wt %) and Cu (2.19 wt %) in Pd NPs/PCN-222-Pd(II)/
Cu(Il) (with 9 uM Cu as a representative) are very close to the
nominal values (8 wt % for Pd and 192 wt % for Cu).
Interestingly, the Cu(II) ion tightly bound in the porphyrin
center can be completely released from the catalyst after being
treated with 6 M HCI solution, as evidenced by the ICP-AES
analysis. Therefore, different from all previous reports
(especially for the PAC-PA(IT)**), the current sensor approach
we designed not only successfully detects the Cu(1I) ions, but
also is able to separate the Cu(Il) ions from the system. On the
basis of above results, the successful detection with high
sensitivity and selectivity toward Cu(II) can be attributed to the
following aspects: (1) the stronger binding affinity of Cu(II)
than Pd(II) to the porphyrin; (2) the introduction of Cu(II)
results in an equal amount of Pd(II) being reduced in situ to Pd
NPs stabilized by PCN-222, which catalyzes the Heck reaction;
(3) the distinctly different fluorescence properties of the
reactant and product facilitate the monitoring of the catalytic
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reaction; and (4) the slopes of the lines (fluorescence intensity
vs time) that represent the reaction rates are directly associated
with the Cu(II) concentrations.

To better elucidate the Cu(II) detection based on PCN-222-
Pd(II), several sets of control experiments have been carried
out under similar conditions. It is found that the catalytic Heck-
coupling reaction does not occur in the absence of Cu(Il). The
result not only implies that all Pd(I) ions are linked with
porphyrin rings and no free Pd(II) ion exists in the system, but
also demonstrates that Pd(II) is not active for the Heck
coupling reaction. When the porphyrin was first premetalated
with Cu(II) to afford PCN-222-Cu(II), no fluorescence signal
can be detected without the addition of Pd(II). In sharp
contrast, the reaction starts immediately once PA(II) is added
into the reaction system, and the rate becomes very fast,
indicating that the Cu species has no catalytic ability, while the
Pd(1I) ions, with high redox potential (E°ps** /pq = +0.987 €V vs
SHE), can be readily reduced by the weak reductant,
triethylamine (TEA). Notably, when PCN-222 is replaced by
the homogeneous TCPP linker, the Heck reaction exhibits a
slower initial rate under identical conditions, possibly due to
the aggregation of the generated Pd NPs in such a
homogeneous system in the absence of a pore confinement
effect from porous materials, like PCN-222, which has been
demonstrated by the TEM observation and size distribution of
Pd NPs (Figure S9).

Given the good affinity of transition metal ions to the
porphyrin center, we set out to investigate the selectivity of the
current sensing protocol for other similar metal ions, such as,
Co(II), Ni(II), Cd(II), and so forth. It is assumed that the
Pd(II) in the porphyrin center can also be displaced by these
metal ions. The experimental results unambiguously show the
inferior sensing ability toward other metal ions and the best
selectivity toward Cu®* among all these M(II) ions (Figure 3a).
Compared to the almost constant slope for Cu(II), the slopes
for all other metal ions are obviously divided into two
segments, in which the slope in the first section (0—150
min) is much smaller than that in the subsequent one (after
150 min). Remarkably, the initial slope of Cu(Il) is almost 5-
fold, 7-fold, and 10-fold that for Co(II), Ni(II), and Cd(II),
respectively. The distinct difference among initial slopes for
different M(II) ions (Figure 3b), reflecting the reaction rate,
could be attributed to the much stronger affinity of Cu(Il) to
porphyrin centers in PCN-222 than that in other metal ions.
Therefore, compared to Cu(Il), other metal ions free up Pd(II)
from the porphyrin center in a very slow initial rate, that is, a
very slow sensing rate. As a result, the PCN-222-Pd(II) is able
to identify and differentiate Cu(Il) from various M(II)
mixtures.

B CONCLUSIONS

In summary, we have developed a novel signal amplification
strategy based on a catalytic reaction over porphyrinic MOF,
PCN-222-Pd(1I), as a fluorescent “turn-on” sensor, which
manifests strong fluorescence enhancement response in the
presence of Cu(Il) ion and a very sensitive sensing technique.
The successful detection of Cu(II) with high sensitivity (up to
50 nM) and selectivity (over other transition metal ions) can be
ascribed to the following aspects: (1) the strong binding affinity
of Cu(Il) to the porphyrin center results in quick liberation of
Pd(II) in PCN-222-Pd(1I); (2) the unbound Pd(II) ion, in an
equal amount of Cu(II) introduced, is rapidly reduced by TEA
to Pd NPs stabilized by PCN-222; (3) the generated Pd NPs
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Figure 3. (a) The fluorescence intensity of the catalytic reaction
product by introducing different metal ions, including Cu(II), Co(II),
Ni(II), and Cd(II). (b) The slope (initial reaction rate) vs the different
M(II) (M = Cu, Co, Ni, Cd) (inset: the initial fluorescence intensity vs
reaction time for various metal ions). Reaction conditions: PCN-222
(0.5 mM porphyrin), [M(II)] = 9 uM, N-allyl-2-iodoaniline (0.5 mM),
tri(o-tolyl)phosphine (0.05 mM), TEA (1 mM), CH,CN/H,O (10/
1), 60 °C, and N, bubbling.

are very active for Heck-coupling reaction, which converts the
nonfluorescent reactants to the fluorescent indole product,
creating visualization; and (4) the slope (fluorescence intensity
vs time) represents the reaction rate, in line with the
concentration of Cu(Il) introduced. Given the significantly
higher affinity of Cu(Il) to porphyrin, the PCN-222-Pd(1I)
sensor possesses much higher selectivity toward Cu(II) than
Co(1I), Ni(1I), and Cd(II), etc. Moreover, it is facile to separate
the sensor from the system and free up Cu(Il) ion by simple
treatment with HCI, which would be very attractive in large-
scale detection and excessive Cu(Il) recovery and exhibits
additional advantage compared to the homogeneous sensors.
The MOF-based “turn-on” sensor for highly sensitive and
selective detection, although in a premature stage, will not only
open up new opportunities for MOF applications, but also
presents a promising future for practical detection of metal ions.
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