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We synthesize a zinc zeolite-typed metal-organic framework of zeolitic imidazolate framework (ZIF-90), which
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exhibits an intensive blue luminescence excited under visible light. Luminescent studies indicate that ZIF-90

could be an efficient multifunctional fluorescence material for high sensitivity sensing of metal ions, anions

and organic small molecules, especially for Cd2+, Cu2+, Cr042' and acetone. The luminescence intensity of ZIF-90

increases with the concentration of Cd*" and decreases proportionally with the concentration of cu®, while

the same quenched experimental phenomena appear in the sensing of Cr04>. And with the increase of

amount of acetone, the luminescence intensity decreases gradually in the emulsions of ZIF-90. The mechanism

of the sensing properties are studied in detail as well. This studies show that the ZIF-90 could be a useful

luminescent sensor for metal ions, anions and organic small molecules.

Introduction

As a new kind of micro/mesoporous material, metal organic
frameworks (MOFs) have been gotten much more attentions.”
MOFs can be readily self-assembled between metal
ions/clusters and organic ligands by the
interactions. And this interesting architectural form makes
them structural rigidity, high porosity, and well-defined
topology. These characteristics demonstrate that MOFs have a
variety of  potential applications, such as gas
storage/separations,z'3 catalysis,4 magnetism,5 and sensing.s‘7
With the evolution of modern industry and society, chemical
pollutions, such as heavy metal ions, anions and organic small
molecules, are both gradually released from industrial and
human activities, which are not of benefit to the sustainability
of human and environment.2 So it is necessary to identify and
monitor these environmental pollution levels directly. These
detections are based on the development of advanced
materials which are used mainly for recognising and sensing of
harmful substances. The sample recognition cases that are
putting guest molecules into the interior of host materials, as a
useful sensor, the host needs bind to the distinctive guest
molecule in preference to other competing species and it must
register the binding event in an appropriate form.? Moreover,
to avoid extensive structural collapse, the chemical and

coordinated
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thermal stability of the host materials are necessary. In order
to meet the above requirements of the host materials, porous
MOFs become an appropriate choice for molecular sensing.

To build efficient porous sensors, the primary manner is to
remove the excess solvent molecules in channel and pore of
the synthesized-MOFs. And the choice of organic ligands with
multiple coordination sites, the structural strength of the
frameworks become the keys to obtain a series of suitable
MOFs for molecular sensing. On this basis, the porous
lanthanide MOFs (Ln-MOFs) are the main materials which are
to design and synthesize for sensing applications. In particular,
MOFs (i.e. MIL-124,"° MIL-121,"" and MIL-53 COOH(AI)*?) are
applied to post-synthesize or ion-exchange with lanthanide
(such as Eu®) as templates reported by our group, which
display attractive sensing of metal ions, anions, and organic
small molecule, respectively. Their sensing functionalities rely
on the channel/pore and metal/ligand uncoordinated sites
within Ln-MOFs, like metal ions contest coordinated sites with
Eu®* for sensing of Fe*'/Fe®*, and ions sensitize ligand to
enhance luminescence for Ag'. Because Ln-MOFs which
possess the features of lanthanide luminescence display sharp
and characteristic emissions and long luminescent lifetimes.™
Ln-MOFs have special luminescent mechanism which happens
in the progress of ligand to metal energy transfer (LMET).*
The interactions between substrate and metal or substrate
and ligand can be used to tune Ln-MOFs emission intensities.
Meanwhile, a series of transition metal-MOFs have reported in
the papers which are based on the luminescence of ligands or
ligand to metal, such as the Cd and Zn. In part, transition
metal-MOFs can be used for molecular sensing, like
Cd;(TPT),(DMF), for sensing of nitroaromatic’® and the sensing
of acetone in Zn(MeIM).16
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The above works are mainly concerned on the choice and
design to synthesize different luminescent MOFs which could
provide capably potential space within channel/pore or
coordination sites for molecular sensing. Most luminescent
MOFs have the flexible uncoordinated carboxylate ligands for
molecular sensing. Like carboxylate ligands, nitrogen sites
within imidazole make them have the capability to selective

sense with metal ions.” However, metal imidazolate
frameworks have rarely been studied deeply. As a subfamily of
metal organic frameworks, porous zeolitic imidazolate

framework (ZIFs)18 with exceptional chemical and thermal

stability are expected to play roles in recognition of molecules.
Zn(ICA),(DMF)(H,0);*®  (ZIF-90, ICA = imidazolate-2-
carboxyaldehyde), the structure is related to the sodalite
topology (SiO,, SOD) by replacing the Si and O with Zn(ll) and
ICA ligands, respectively. The expanded 3D ZIF structure have
high enough porosity with an aperture of 3.5 A in diameter
and a pore size of 11.2 A to recognise molecules readily. And
the ligand of ICA which not only have the nitrogen sites within
imidazolate but also have uncoordinated aldehyde group,
make ZIF-90 has the ability to sense selectively with metal
ions. With all the features, ZIF-90 can be assumed to play an
efficient porous sensors in sensing study.

Herein we synthesize ZIF-90 and explore its sensing property
for metal ions, anions and organic small molecules. The
changed fluorescence of the desolvated ZIF-90 with various
ions and molecules and the mechanism of the sensing
properties are studied in detail as well.

Results and discussion

Characterization

The structure of ZIF-90 is identical to the SOD topology and have
high enough porosity with an aperture of 3.5 A and a pore size of
11.2 A. As shown in Figure S1, the powder X-ray diffraction (PXRD)
patterns of as-synthesized ZIF-90 and desolvated ZIF-90 (ZIF-90a)
both are almost similar to the bottom of simulated ZIF-90,
indicating that the structure accords with the literature reported
and the basic 3D framework is retained, respectively. This porous
material are obtained by removing the excess solvent molecules
within the pore and skeleton and thermal activated for subsequent
appliions. Meanwhile the thermal stability of the porous material is
examined by thermal gravity analysis (TGA) measurements which
was performed under air with a heating rate of 5 k-min™" (Figure 1).
TGA data indicates that ZIF-90 releases its internal DMF molecules
in the temperature range between 25 °C and 300 °C to get its
desolvated powder ZIF-90a which structure collapse starts from 400
°C. TGA reveals the high thermal stability of ZIF-90a 3D frameworks.
Figure S2 presents the N, adsorption - desorption isotherms of ZIF-
90. This sample unlike a type | adsorption curve which commonly
was seen in microporous materials, can be observed typical type IV
curves with a hysteresis loops behaviour. The atypical hysteresis of
these N, adsorption isotherms could be ascribed to the steric
hindrance of the free uncoordinated aldehyde groups within the
channels, which reduce the access of N, molecules. The Langmuir
surface area is 829.2341 mz-g'l, which is in reasonable close to the
value reported by Omar M. Yaghi et al®®
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Figure 1 TGA trace of compound ZIF-90.

Luminescent properties
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Figure 2 a) the excitation (A = 449 nm) and emission spectra (Aem = 541 nm)
of imidazolate-2-carboxyaldehyde (ICA), and b) the as-synthesized ZIF-90 (A
=467 nm and Ae, = 515 nm).

The solid-state excitation and emission spectra of the skeleton
ligand imidazolate-2-carboxyaldehyde (ICA) and the porous material
ZIF-90 have been studied at room temperature (Figure 2). The
emission spectrum of ICA shows a main peak with a max value at
541 nm under excited at 449 nm, and the mt*-it transition of ICA
give rise to this emission (Figure 2a).20 In the Figure 2b, when
monitored by the emission wavelength at 476 nm, the excitation
spectrum displays the maximum peak at 515 nm. It is known that
ZIFs which have transition-metal ions without unpaired electrons
(such as Zn**-like has d*° formations), 18 can gain linker-based highly
emissive materials. The luminescent behaviour of ZIF-90 is probably
linker-based because the emission is in the region of the free ligand
ICA (emission at 541 nm). The blue shift (515 nm for ZIF-90) is

This journal is © The Royal Society of Chemistry 20xx
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probably related to the coordination effect of free ICA to the ™,
The emission peaks of ZIF-90al which are diffused into the
solutions of different metal ions (Cd**, Ca*", Mn*", Hg", Co™*, Ni*", or
cu®), ZIF-90a2 with anions (NO5, C,0,%, CO5~, Br, F, CI, I', PO,%,
Cr042', HCO5;, NO, and Sz') and ZIF-90a3 with organic small
molecules (formamide, ethylenediamine, dimethyl formamide,
acetonitrile, diethyl ether, acetone, methanol and ethanol) are
almost similar to the photoluminescence spectra of as-synthesized
ZIF-90 (all the emission peak almost located at about 515 nm). The
main structure of the ZIF-90 framework are not changed, collapsed
or destroyed by the various metal ions, anions and organic
molecules when these introduce into the 3D channel. The ZIF-90a1,
ZIF-90a2 and ZIF-90a3 are centrifuged after luminescence
measurement, washed three times and dried under vacuum for 5 h
at 100 °C to obtain there powders, respectively.

Intensity / a.u.

10 20 40 50 60

30
2 Theta /°

Figure 3 Powder X-ray diffraction patterns of a) simulated ZIF-90, b) as-
synthesized ZIF-90 and ZIF-90 after the introduction of various metal ions: c)
cd™, d) Ca*, e) Mn™, ) Hg", g) Co™, h) Ni**, and i) Cu™.

The PXRD patterns of ZIF-90al powders are also identical to that
of ZIF-90 (Figure 3), which suggests that the crystal lattice remains
robust after the diffusion. The PXRD of ZIF-90a2 and ZIF-90a3 are
listed in the Figure S3 and S4. All the PXRD patterns can prove the
high stability of the 3D network of porous ZIF-90.

Sensing of metal ions

In consideration of the excellent luminescence and good stability
of ZIF-90, we examine the potential application of ZIF-90 for
detecting metal ions. The desolvated sample (ZIF-90a) was simply
immersed in an aqueous solution of 107 M MCl, (M = cd**, ca®,
Mn®*, Hg', Co™, Ni*', and Cu®, respectively). The luminescent
properties were recorded and compared in Figure S5. The results
revealed that various metal ions display markedly different effects
on the luminescence of ZIF-90a.

For example, the luminescence intensity at 515 nm is decreased
compared with H,0 when Ca®', Mn®*, Hg®, Co®, Ni**, and Cu®" are
introduced. In the contrast, the luminescence intensity of ZIF-90al
is largely dependent on the metal ions solutions, such as the
interaction with Cd** drastically enhanced and cu® quenched the
luminescence intensity. The rest of the metal ions (Ca®*, Mn*", Hg",
Co*" and Ni*") did not cause any significant change to the intensity
of the ZIF-90a luminescence. The luminescence intensity of the ZIF-
90al interacting with different metal ions in 102 M agqueous
solution of MCI, shows in Figure 4.

This journal is © The Royal Society of Chemistry 20xx
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Figure 4 the luminescence intensity of the ZIF-90al interacting with
different metal ions in 102 M aqueous solution of MCI, (excited monitored at
476 nm).

ZIF-90a was immersed in Cd** solutions containing different
concentrations of CdCl, for further luminescence studies, and the
emission spectra of ZIF-90a in the presence of various
concentrations of Cd** aqueous solutions under excited at 476 nm
shows in Figure 5. As we observed, the change of luminescence
intensity of the ZIF—QOa/Cd2+ is consistent with the concentration of
the metal ion. The luminescence intensity increases with the
concentration of Cd** from 0 to 500 UM. The luminescence intensity
of the ZIF-90a/Cd*" is about three times compared 500 uM solution
of CdCl, with the pure of ZIF-90a, that can indicate the potential
sensing of ZIF-90a for Cd*" ion.

Relative Intensity / a.u.

500 550 600 650 700 750
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Figure 5 Emission spectra of ZIF-90a in aqueous solutions in the presence of

various concentrations of Cd*‘under excited at 476 nm.

To illustrate the mechanism of Cd** sensing, the FTIR and EDS
spectra were obtained before and after cd* diffusion. Figure 6
indicates the FTIR spectra of ZIF-90a and ZIF-90a/Cd2+ materials.
The primary peaks match well with previously reported results. The
spectra of ZIF-90a before and after sensing are similar except for
some new peaks. The broad peak at 3500 em™ is ascribed to the
stretching vibration of hydroxyl and amino groups, which are
difficult to distinguish and separate completely. The intense peak at
1024 cm™ is attributed to the stretching vibration of Cd-O,
indicating the successful sensing of cd** species onto ZIF-90. The
absorption peak at 500 cm™ is characterized by metal-oxygen
vibration. The scanning electron microscope (SEM) and energy
dispersive spectrometer (EDS) analysis of the ZIF-SOa/Cd2+ (Figure
S6) reveal that some Cd** are detected on the surface after
diffusion, and the weight percent and atomic percent of elements
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in the ZIF-903/Cd2+ (Table S1), confirming the successful sensing of
cd®.

ZIF-90a

ZIF-90a/Cd™

Transmission

T T T
3000 2000 1000

Wavenumber(cm™)

4000

Figure 6 FTIR spectra of ZIF-90a before and after cd** sensing.

On the contrary, the luminescence intensity of ZIF-90a decreases
with the concentration of Cu®>* and the emission spectra of ZIF-
90a/Cu2+ in various concentrations of Cu®** solutions displays in
Figure S7. The luminescence intensity of the ZIF-9Oa/Cu2+ is also
identical to the concentration of the metal ion. The luminescence
intensity of the ZIF-90a/Cu2+ is about quarter from 500 uM solution
of CuCl, to that of ZIF-90a, illustrating ZIF-90a possess the ability of
sensing for Cu® ion. The mechanism of the quenching effect
between ZIF-90a and Cu”* that would be a weak atomic interactions
of imidazole nitrogen atoms and a coordination of aldehyde group
of ICA to Cu® in the ZIF-90a/Cu®, such binding reduces the
intraligand luminescent efficiency and results in the quenching
effect.2 The forceful enhancing effect of cd** and the quenching
effect of Cu”* to ZIF-90a provide a practical application for
developing sensing materials.

In addition, the enhancing and quenching effects of metal ions on
the luminescence of ZIF-90a were evaluated by the fluorescence
decay time. As shown in Table S2, most of the metal ions have no
significant effects on the luminescence lifetime of ZIF-90a, while
cd* and Cu®* ions exhibit varying degrees of increase/decrease in
the luminescence lifetimes which displays 315.51 ps and 128.71 ps,
which is in agreement with the variation of the luminescence
intensity. This observation agrees well with the responses of
luminescence of ZIF-90a towards various metal ions.

Sensing for anions and organic small molecule

Simultaneously, various anions were selected to study the
sensing function of anions by diffusing a certain amount of ZIF-90a
in different anions aqueous solutions (anions = NO3, C2042', C032',
Br, F, CI, I, PO,>, CrO,”, HCO5, NO, and S*). The PXRD can
confirm that ZIF-90a framework almost kept unchanged (Figure S3).
The luminescent measurements illustrate that the difference anions
have a great influence in the luminescence intensity of ZIF-90a as
shown in Figure S8. Remarkably, Cr042' has the largest quenching
effect on the luminescent emission and has reduced the
luminescent lifetime of ZIF-90a (Figure S9).

To research the luminescence quenching reason of Cr042',
concentration-based studies in the luminescence properties of ZIF-
90a were carried out under the existence of Cr042' ion. The
luminescence of ZIF-90a was gradually quenched with the Cr042'
concentration increased (Figure 7). The emission intensity of the

4| J. Name., 2012, 00, 1-3

ZIF-90a emulsion declines sharply with the increase of Cr042'
concentration from 0 to 500 uM. Quantitatively, this quenching
effect can be rationalized by the Stern-Volmer equation: =
lo/1=1+ Ko, [M]

The values of |y and | are the luminescence intensity of the ZIF-90a
emulsion and ZIF-9Oa/CrO4Z', respectively. K, is the quenching
constant, [M] is the concentration of CrO42'. On the basis of the
experimental data illustrating in the inset of Figure 7, in the K,
curse of ZIF-90a with Cr042', the linear correlation coefficient (R) is
0.99909, which suggests that the quenching effect of Cr042' on the
luminescence of ZIF-90a agrees the Stern-volmer mode well. The K,
value is calculated as 5.03><103, which reveals a strong quenching
effect on the ZIF-90a luminescence.

—O0uM 2.5
—1pM 2.0
—10mM g,
—50uM ==
—— 100 uM 1.0
——250 uyM 05
—— 500 pM  g.-

Kgy=5.03.103 M1
R=0.99909
5¢

0 100 200 300 400 500
Concentration of Cr0, (M)

Relative Intensity / a.u.

500 550 600 650 700 750

Wavelength / nm
Figure 7 Emission spectra of ZIF-90a/Cr0,” in aqueous solutions in the
presence of various concentrations of CrO,> under excitation at 476 nm and
the inset is the Ksv curve of ZIF»9Oa/Cr042'.
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Figure 8 a) the photoluminescence spectra of ZIF-90a (3 mg) dispersed into
different organic small molecules (3 ml), b) the luminescence intensity of the
ZIF-90a3 interacting with different organic small molecules solution (excited
monitored at 476 nm).

This journal is © The Royal Society of Chemistry 20xx

Page 4 of 7



Page 5 of 7

Photochemical & Photobiological-Sciences

In addition, we also explore the sensing function of ZIF-90a for
organic small molecules because of their environmental biological
hazards. The PXRD patterns of ZIF-90a3 illustrate good stability
treated by different organic molecules,
luminescent measurements (Figure S4). As shown in Figure 8, the

small before the
luminescence spectra are significantly dependent on the organic
molecules, particularly in the case of acetone, which exhibit clearly
guenching effects. When diffusing a certain amount of ZIF-90a (3
mg) in different qualities (1-5 ml) of acetone to obtain an emulsion,
the emission of ZIF-90a3 shows a dramatic decreased luminescence
intensity (Figure S10).

Absorbance (a.u.)

200
Wavelength (nm)
Figure 9 UV-vis absorption spectra of suspended ZIF-90 in H,0O solution
compared to the different anions (F, CI', Br, I, NO3,, COgZ', C,0,” and Cr042')
dissolved in H,0 solution.

Until now, the mechanisms for such quenching effects of anions
and small solvent molecules are still not very clear. To deeply
understand the luminescence quenching effects by CrO42' , the UV-
vis spectra of anions themselves are measured (Figure 9). It is
obvious that the absorption peak of ZIF-90a is almost overlapped by
the absorption of Cr042'. The Cr042' competes the absorption of
light energy with the organic ligand and hence reduces the amount
of light absorbed by the ligand thereby reducing the efficiency of
energy transfer from the ligand to the metal ions of the
frameworks. The luminescent signal induced by organic small
molecules can be partially attributed to the UV-vis absorption
(Figure S11). The result indicates that the absorption band of
acetone partially overlaps with the absorption band of ZIF-90a
which has reduced the absorption of light by organic ligand and
affected the energy transformation.

$4800 3.0kV 8.8mm x80 SE(M) 1/56/2015

Figure 10 the cross section SEM images of the ZIF-90 membrane supported
on the APTES modified ITO surface.

This journal is © The Royal Society of Chemistry 20xx

We used the APTES to modify the surface of the ITO and
synthesized the ZIF-90 membrane on the surface (Figure 10).
Scanning electron microscopy (SEM) shows the morphology of ZIF-
90 membrane (cross section). Next, we will attempt to prepare the
membrane on the soft material surface to study the gas detection.
And we will develop a fluorescence ZIF-90 test paper for rapid
detection of ions to make the detection simple and portable.

Experimental

Materials and general procedures All reagents were obtained from
commercial sources (Aladdin, Sinoreagent, Sigma Aldrich) and
unless otherwise stated were used without further purification.
Synthetic procedure for zeolitic imidazolate frameworks (ZIF-90) 2
As-synthesized ZIF-90, 1 mL trimethylamine (TEA) was dissolved
into a 25 mL beaker with 10 mL n-hexane (A); in a 250 mL beaker,
0.1 g Zn(NO3),'6H,0 and 0.06 g imidazolate-2-carboxyaldehyde
(ICA) were dissolved in 40 mL DMF (B), after stirred for 30 min, A
was dropped into B slowly. White precipitate appears immediately
at the interface between n-hexane and DMF. After aging for 4 h, the
white precipitate was collected and washed three times with DMF
and chloroform, respectively. To obtain ZIF-90a (desolvated ZIF-90
denoted as ZIF-90a), the product was activated with chloroform (3 x
10 mL) over a three-day period before being dried under vacuum
for 10 h at 130 °C (yield: 0.08 g, 75% based on ICA).

pH-stability studies” 25 mg of ZIF-90a was diffused into 50 mL
deionized water and treated for 10 min by ultrasonic. 2 mL of the
above solution was added to the tubes containing 8 mL of deionized
water in the range of pH from 1.0 to 14.0 (adjusted using HCl or
NaOH). The fluorescence spectra were recorded after 5 min of
equilibration time in the cuvettes.

Luminescent measurements The photoluminescence properties of
ZIF-90a in various metal ions, anions and organic solvent solutions
(denoted as ZIF-90al, ZIF-90a2 and ZIF-90a3, respectively) were
investigated at room temperature. For the properties of sensing
with respect to metal ions, the emulsion of ZIF-90al was obtained
by diffusing ZIF-90a powder (3.0 mg) into deionized water solution
(3.0 mL) of MCl, (M = Cd**, Ca®*, Mn*", Hg", Co™", Ni*'or Cu®*) under
the concentrations of 10” M. The emulsion of ZIF-90a2 was
prepared by dispersing ZIF-90a powder (3.0 mg) into deionized
water solution (3.0 mL) of KxN1 (N1 = NO5,, C,0,%, CO5>, Br’, F, CI,
I, PO,> or Cr0,*) and NaxN2 (N2 = HCO;, NO, or $) at the same
concentrations. The ZIF-90a3 emulsions were prepared by
introducing 3.0 mg of ZIF-90a powder into 3.0 mL of formamide,
ethylenediamine, dimethyl formamide, acetonitrile, diethyl ether,
acetone, methanol and ethanol, respectively. After sonicated for 10
min, the fluorescence spectra were measured.

Synthesis of ZIF-90 membrane

APTES modification on the ITO surface’"

In order to 3-aminopropyltriethoxysilane  (APTES)
monolayer deposited on the Indium Tin Oxide (ITO) glass surface,
the ITO were treated with APTES (0.2 mmoI-L'l) in 10 mL toluene at
110 °C for 2 h under argon.

Synthesis of ZIF-90 membrane

The membrane of ZIF-90 was prepared by Zn(NOs),-6H,0 and ICA
in DMF based on the original literature. The ITO glasses treated by
APTES were then placed in a stainless steel autoclave which was

make
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filled with the above solution, and heated at 100 °C in air oven for
18 h. After solvothermal reaction, the ZIF-90 membrane was
washed with DMF three times, and then dried in air at 60 °C over a
night.

Physical measurements The powder X-ray diffraction (PXRD)
patterns were recorded at room temperature under ambient
conditions with Bruker D8 VANDANCE X-ray diffractometer with
CuKa radiation under 40 kV and 40 mA, the data were collected
within the 26 range of 5 - 60°. The UV-vis absorption spectra were
obtained on an Agilent 8453 UV-vis spectrometer in the range of
190-1100 nm and the wavelength resolution of the instrument is 1
nm. The UV-vis absorption spectra were recorded using fine
suspensions of powder samples (ZIF-90) and the different anions
solution (F, CI, Br, I, NO3, CO3Z', CZO4Z' and Cr042') with deionized
water as dispersing solvent. In a general experiment, 4 mg of
powder sample was suspended in 3 mL of deionized water in an
ultrasonic bath for 5 min. The suspension was transferred to a 10
mm path length quartz cuvette to record the spectra. And the UV-
vis absorption spectra of different anions were recorded with a
series of a certain concentration of solutions. Scanning electronic
microscope (SEM) images were recorded with a Hitachi S-4800 with
a cold field emission gun operating at 2 kV and 10 pA. TGA/DSC
data were obtained on a STA449C (NETZSCH) instrument with a
heating rate of 5 °C min™ under Ar atmosphere. Fourier transform
infrared (FTIR) spectra were measured within the 4000-400 em?
region on a Nexus 912 AO446 spectrophotometer with the KBr
pellet technique. Photoluminescence spectra and luminescence
lifetimes (t) were detected by an Edinburgh FLS920 phosphorescent
instrument. The fluorescence spectra were corrected for variations
in the output of the excitation source (a 450 W xenon lamp) and for
variations in the detector response. The excitation wavelength was
467 nm. The width of the excitation slit was 2 nm and the emission
slit was 2 nm (wavelength resolution is 1 nm).

Conclusions

In summary, we prepared a zeolitic imidazolate framework (ZIF-
90), which exhibits an intensive blue luminescence excited under
visible light. As a luminescent material, ZIF-90 has multifunctional
sensitivity to detect metal ions, anions and small molecules. Our
study data indicate that the luminescence intensity of ZIF-90 is
highly sensitive to cd* and Cu®* ions owing to the interaction with
imidazole nitrogen sites of organic ligand. And the Cr042' anions and
small molecules such as acetone have the competition of
absorption with ICA. The luminescence intensity of desolvated ZIF-
90 increases proportionally to the concentration of cd” but
decreases proportionally to the concentration of Cu2+, and
decreases with the increase of Cr042' anions and acetone into the
emulsions of ZIF-90a. This studies show that the ZIF-90 could be a
useful luminescent sensor for metal ions, anions and organic small
In subsequent study, ZIF-90 will have the wide
application in gas detection and fluorescence test paper. This opens
up a way that use a chemically and thermally stable MOFs as hosts
to build some highly sensor with multifunction
applications.

molecules.

sensitive
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