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A ZIF-8-based Platform for Rapid and Highly
Sensitive Detection of Indoor Formaldehyde

Huimin Zhao*, Xiaojing Li, Wanze Li, Peng Wang, Shuo Chen, Xie Quan

A rapid and highly sensitive sensor which can quantitatively detect indoor gaseous
formaldehyde in 5 min based on Zeolitic Imidazolate Framework-8 (ZIF-8) is presented. ZIF-8
was synthesized by nontoxic zinc ions and 2-methylimidazole in aqueous solution at room
temperature. The morphology, microstructure, stability and photoluminescence property of the
material were characterized by scanning electron microscopy, nitrogen adsorption-desorption,
X-ray diffraction, thermo gravimetric analysis and fluorometric analysis techniques,
respectively. The results showed that the obtained material with a uniform particle size
possessed of excellent thermal, structural stability and good luminescent property. Under the
optimized condition, the photoluminescent intensity of the guest-free phase ZIF-8 was linear
with the formaldehyde concentration in two intervals, 0-0.5 ppm and 0.5-20 ppm, with the
correlative coefficients of 0.9991 and 0.9819, respectively. The limit of detection for gaseous
formaldehyde was calculated to be 0.057 ppm (38/slope criterion). Moreover, other indoor
pollutants emitted from indoor decorative materials, such as benzene, toluene, methanol and
ethanol, showed little interference with the photoluminescence intensity of this platform during
its determination process. The material exhibits great potential in the field of rapid, convenient
and highly sensitive detection of indoor gaseous formaldehyde.

1. Introduction

Formaldehyde (HCHO), which is widely used in building and
decorative industry as an additive in plywood, laminated wood
board, chipboard and other building materials, can lead to
seriously intense irritant of the eyes and mucous membranes.*
Recent years, with the development of decoration housing,
formaldehyde discharged from the chemical or thermal
decomposition of building materials, gradually turns to be a
highly problematic indoor pollutant.>* Due to its acute toxicity
and volatility, Occupational Safety and Health Act (OSHA) has
set the immediately dangerous to life or health limit (IDLH)
and the permissible exposure limit (PEL) at 750 ppb and 20
ppm, respectively; For comparison, the World Health
Organization (WHO) has set a safe-exposure standard of 80
ppb averaged over 30 min.>® However, conventional
formaldehyde detecting methods are generally time-consuming
(at least 30 min for sampling),’ and require costly
instrumentation and skilled personnel, which cannot meet the
requirements of routine detection and early warning. Therefore,
it is critical to develop a rapid, simple and highly sensitive
method for indoor formaldehyde detection.

This journal is © The Royal Society of Chemistry 2013

Metal-organic Frameworks (MOFs) are a series of
inorganic-organic hybrid materials, which are composed by two
components, single metal ions or poly nuclear metal clusters
and organic ligands usually coordinated through bonds.®!
Because of the interior interaction of host frameworks with
specific guest analyte, the structural rigidity of MOFs is
enhanced, which causes changes in photo-, electrochemical or
other properties in the host framework. Therefore, it is possible
to furnish a specific detection as fluorescent sensors offering an
opportunity for practical application with a facile signal
transduction. Over the past few years, a wide range of
luminescent MOFs were widely developed for realizing sensing
of cations,*? anions,*® small molecules,** vapors'® and a few of
gases.’®” Among them, recently, Ln-MOFs and Cu(l)-MOF
are reported to be used as sensors for formaldehyde detection,®
19 exhibiting a high sensitivity for formaldehyde solution and
formaldehyde vapor, respectively. However, these reported
methods based on Ln-MOFs and Cu(l)-MOF are still time-
consuming, especially for formaldehyde detection with low
concentration. For example, it takes at least 4 h ~ 12 h for 0.016
ppm formaldehyde vapor detection.®
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Motivated by our interest in this field, in this contribution,
we demonstrate a rapid and highly sensitive sensor for
detecting formaldehyde gas based on a luminescent ZIF-8
(Zeolitic Imidazolate Framework-8), which has the formula
Zn(2-methylimidazole), with a sodalite-related zeolite type
structure containing narrow six-membered-ring pore windows
(3.4 A) and much larger pores (11.4 A).2>?? In light of the
excellent luminescent merits of ZIF-8 combining its porous
features, as well as the relatively environmentally friendly and
nontoxic nature of Zn' to human health, it was selected to be an
anticipated candidate for gaseous formaldehyde detection.

Herein, we investigated the feasibility and performance of
ZIF-8 in  formaldehyde  sensitive  detection. The
photoluminescence (PL) properties of ZIF-8 before and after
exposure to formaldehyde in the absence and presence of
interferents (benzene, toluene, methanol and ethanol) were also
conducted to evaluate its selectivity for indoor formaldehyde
detection. And based on the changes of its PL properties, its
sensing mechanism was discussed. To the best of our
knowledge, there has been rare report published so far

regarding the fast and sensitive detection of indoor
formaldehyde based on MOFs.

2. Experiments

2.1. Materials and Methods

All  chemicals including Zn(NO3), 6H,O (99%), 2-

methylimidazole (98%), formaldehyde solution (37%~40%),
methanol solution (> 99.5%), ethanol solution (> 99.5%),
benzene solution (> 99.5%) and toluene solution (> 99.5%)
were obtained from Guangfu Fine Chemicals, Tianjin, China,
which were at least of analytical grade and were used without
further purification. A certified, premixed formaldehyde tank
and an air tank were obtained from Zhonghao Guangming
Research & Design Institute of Chemical Industry Corporation
located in Dalian, China. Gas streams containing low levels of
formaldehyde were prepared by mixing the formaldehyde gas
with air.

2.2. Synthesis of ZIF-8(a) and ZIF-8(b) particles

ZIF-8(a) nanocrystals (marked as ZIF-8(a) for simplification)
were synthesized according to the literature of Shunsuke
Tanaka et al.?® Nanocrystals were obtained by the reaction of
Zn(NO3), 6H,0 and 2-methylimidazole in pure water. Briefly,
10 mL Zn(NO,), 6H,0 solution (74.4 g/L) was added into 90

mL imidazole derivative (2-methylimidazole) solution (137 g/L)

at room temperature. The mixture, which immediately turned
into turbid liquid, was stirred with a magnetic bar for 24 h, then
the milky colloidal dispersion was centrifuged at 6000 rpm for
10 min. The depositing particles washed by methanol for three
times were dried at 40 °C for 48 h. Then ZIF-8(a) was obtained.
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ZIF-8(b) nanocrystals (ZIF-8(a) after evacuation, denoted
as ZIF-8(b)) were obtained by being evacuated at 150 °C in
vacuum for 24 h.

2.3. Instruments

Morphologies of samples were observed using an S-4800 field
emission scanning electron microscope (SEM, Hitachi Co.,
Japan). The relative elemental contents of samples were
analyzed by energy dispersive X-ray spectroscopy (EDS)
performed on the same instrument. The structural stability of
crystal samples were investigated by X-ray diffractometer
(XRD, EMPYREAN, PANalytical) between 5° and 50°. The
purity and homogeneity of the products were determined by
comparison between the simulated and experimental XRD
patterns. The thermal stability of crystal samples were analyzed
by thermal gravimetric analyzer (TGA/DTA, 6300, Seiko) from
room temperature (about 25 °C) to 800 °C at a ramp rate of 10
°C/min under a nitrogen atmosphere and DSC analyzer (DSC,
910S, TA Instruments) from 50 °C to 400 °C. The surface
functional groups and adsorbing behavior of the guest-free
phase ZIF-8(b) were detected by a Fourier transform infrared
spectrophotometer (FT-IR, VERTEX 70, Bruker) with KBr as
the reference sample at 400-4000 cm™ region. The N,
adsorption-desorption property and total pore volume of
samples were conducted by an Automated Surface Area and
Pore size Analyzer (Quantachrome Autosorb-1 MP, American).
PL intensities of the samples were measured using a
fluorescence spectrometer (Hitachi F-4500, Japan).

2.4. Formaldehyde detection

The gas flow process was shown in Fig. 1. ZIF-8(b) was used
as the sensor probe. Different concentrations of formaldehyde
gas, which were achieved by the regulation of MFC (mass flow
controller) to the desired formaldehyde concentration from 0
ppm to 20 ppm, flowed through ZIF-8(b) on the gas shelf. Then
ZIF-8 was collected for further PL intensity analysis. To
determine the optimized exposure time of formaldehyde to the
guest-free phase ZIF-8(b), a series of time (0 min, 1 min, 2 min,

Outgas

L ZIF-8(b)

i)

@—=

P MFC2

Absorbent

Fig. 1 The schematic of the gas flow during the formaldehyde detection based on
ZIF-8 at room temperature. P stands for pressure gage. MFC = mass flow
controller.

This journal is © The Royal Society of Chemistry 2012
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5 min, 10 min, 20 min, 30 min, 40 min, 50 min and 60 min)
was selected.

2.5. Selectivity of ZIF-8-platform for formaldehyde detection

To evaluate the selectivity of ZIF-8 for formaldehyde detection,
benzene, toluene, methanol and ethanol vapor with a
concentration of 2 ppm were chosen as the interfering
substances. Considering the feasibility to obtained various
vapors under similar condition, the formaldehyde vapor and
interfering substances vapor were performed by heating (~75
°C) the corresponding solution in a sealed vial (500 mL),
respectively.®

In order to get the presumptive concentration of vapor, the
various vapors were prepared according to the following
equation, and the detailed results were listed in Tab. 1.

C = wpV/V,

Where, C, the concentration of formaldehyde or interferent
(ppm); ®, mass fraction of formaldehyde or interferent solution;
p, density of formaldehyde or interferent solution (g/cm®); V,
volume of formaldehyde or interferent solution (pL); V,, vial
volume (mL).

Tab. 1. The calculated parameters for preparation of formaldehyde and
different interferents (2 ppm) by heating (~75 °C) the corresponding solution
in a sealed vial (500 mL)

fMa§s Density Volume Vial
raction of .
. of volume  Concentration
Substance of solution .
solution (glem®) solution (mL), (ppm), C
o, MYV
HCHO 20% 1 5 500 2
benzene 99.5% 0.88 1.1 500 2
toluene 99.5% 0.87 11 500 2
methanol 99.5% 0.79 1.3 500 2
ethanol 99.5% 0.79 1.3 500 2

2.6. Photoluminescence measurement

The PL properties of as-synthesized ZIF-8(a) and guest-free
phase ZIF-8(b) after exposure to air or formaldehyde at room
temperature were surveyed by a fluorescence spectrometer
(Hitachi F-4500) with the scan speed of 1200 nm/min, response
at 0.5 s and PMT voltage of 700 V. A Xenon lamp was used as
the excitation source of the fluorescence spectrometer. The
width of the excitation slit and the emission slit was 1 nm and
2.5 nm, respectively. The photoluminescence emission
spectrum was recorded in the wavelength range of 360 - 690
nm upon excitation at 350 nm. The PL properties of ZIF-8(b)
exposed to different concentrations of formaldehyde were
investigated as well excited at 350 nm to obtain the detection
range. The emission intensities of ZIF-8(b) after exposure to
formaldehyde vapor in the absence and presence of different
interfering gas (methanol, ethanol, benzene and toluene) were
recorded at 350 nm excitation wavelength to illustrate the
selectivity of ZIF-8 for formaldehyde detection.

This journal is © The Royal Society of Chemistry 2012
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3. Results and Discussion

3.1. Characterization of ZIF-8

The morphologies of the as-synthesized sample ZIF-8(a) and
guest-free phase ZIF-8(b) characterized by SEM were
presented in Fig. 2a and 2b. The size of the as-synthesized
sample ZIF-8(a) crystals is almost 250 nm. Compared Fig. 2a
with Fig. 2b, it is clearly that the morphology of sharp
hexagonal facets was still maintained, demonstrating the good
thermal stability of ZIF-8 after being evacuated at 150 °C in
vacuum for 24 h. To further investigate the structural stability
and adsorption capacity of as-synthesized materials at room
temperature, XRD, TGA-DTA, DSC and N, adsorption-
desorption isotherm were analyzed. XRD pattern of the as-
synthesized simple ZIF-8(a) and guest-free phase ZIF-8(b) was
almost equal to the simulated data calculated using Mercury 3.3,
further indicated that ZIF-8(b) maintained a 3D structure after
evacuated at 150 °C in vacuum for 24 h, as shown in Fig. 2c.
Moreover, Both the DTA curve and the DSC curve presented
an endothermic region at the temperature range of 50~250 <C,
corresponding to the large mass loss in TGA curve, which was
attributed to desorption of solvents (CH;OH and H,0) from the
powder. From these figures, it is obvious that ZIF-8 is very
stable lower than 500 <C (Fig. 2d and Fig. S1). Remarkably, the
TGA curve was nearly similar to ZIF-8 synthesized by
solvothermal method, illustrating the method used in this
manuscript is feasible.?® Furthermore, the N, adsorption-
desorption property of ZIF-8(a) was also investigated. As
depicted in Fig. 2e, ZIF-8(a) was found to exhibit type |
isotherm characteristic of N, adsorption at 77 K with a BET
(Brunner-Emmet-Teller) surface area of 731 m?/g, the total
pore volume is calculated to be 0.48 cm®/g by DFT calculation
method, which indicated its microporous characteristics and the
data was comparative with those of ZIF-8 synthesized in
aqueous solutions at room temperature.?*? The different
relative elemental contents of ZIF-8(a) and ZIF-8(b) were
shown in Table. S1 and Table. S2. Compared to ZIF-8(a), the
relative contents of C and O in ZIF-8(b) was obviously
decreased, indicating the removal of solvent (CH;OH and H,O)
after the treatment at 150 °C in vacuum for 24 h, which was
similar to the data in TGA-DTA curve. And after the treatment,
ZIF-8(b) was more active for formaldehyde detection.

3.2. Optimization of exposure time for formaldehyde detection

In order to study the potential of ZIF-8(b) for detecting of
formaldehyde, PL intensity of the ZIF-8(b) after exposure to
formaldehyde was evaluated with emission spectra. Owing to
different time exposure to formaldehyde stands for various
reacting dose, which will lead to dramatically change of PL
emission intensity for sensing material, the exposure time of
ZIF-8(b) to formaldehyde was chosen as a key factor. To
determine the optimized accumulation time of the guest-free
phase ZIF-8(b) exposed to formaldehyde, a series of time (0
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min, 1 min, 2 min, 5 min, 10 min, 20 min, 30 min, 40 min, 50
min and 60 min) were selected. After exposure to 20 ppm
(IDLH) formaldehyde gas in various time, the PL emission
intensity of ZIF-8(b) was investigated. As shown in Fig. 3, after
1 min exposure to 20 ppm formaldehyde gas through the gas

shelf under ambient pressure, the PL emission intensity of ZIF-
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Fig. 2 (a) SEM images for as-synthesized sample ZIF-8(a). (b) SEM images for the
guest-free phase sample ZIF-8(b) (the as-synthesized sample after treatment at
150 °C in vacuum for 24 h). (c) The XRD patterns of ZIF-8(a), ZIF-8(b) and the
simulated one.? (d) TGA-DTA curve of the as-synthesized samples ZIF-8(a). (e)
Nitrogen sorption isotherms of as-synthesized samples ZIF-8(a) nanocrystals at
77 K.
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8(b) at 410 nm increased by about 7.8%. And up to 5 min, the
PL emission intensity of ZIF-8(b) at 410 nm increased linearly
with the exposure time, obtaining approximate 34.6% signal
enhancement during the first 5 min. Then the PL emission
intensity at 410 nm gradually kept a constant within the
exposure of approximately 1 h. Hence, 5 min was selected as
the optimized accumulation time for formaldehyde detection
based on the guest-free phase ZIF-8(b).

4| J. Name., 2012, 00, 1-3
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Fig. 3 Solid-state photoluminescence emission spectra of ZIF-8(b) after exposure
to 20 ppm formaldehyde in various time (0 min, 1 min, 2 min, 5 min, 10 min, 20
min, 30 min, 40 min, 50 min and 60 min). Ae = 350 nm. Inset: Variations in PL
intensity of ZIF-8(b) increase over time after exposure to 20 ppm formaldehyde.
The PL intensity of the guest-free phase ZIF-8(b) was defined as |y, and | was the
PL intensity of the guest-free phase ZIF-8(b) after exposure to 20 ppm
formaldehyde in various time. Aex = 350 nm, Aey, = 410 nm.

3.3. Photoluminescence detection of formaldehyde

Under the optimized exposure time, the linear response range
and the detection limit of the ZIF-8-based sensing system were
measured as follows. The PL emission intensity at 410 nm of
ZIF-8(b) after exposure to a group of formaldehyde
concentrations (20 ppm, 15 ppm, 10 ppm, 5 ppm, 1 ppm, 500
ppb, 250 ppb, 100 ppb and 0 ppb) was investigated to evaluate
the sensitivity of the ZIF-8-based sensing platform. As shown
in Fig. 4, after exposure to formaldehyde gas for 5 min,
different concentrations of formaldehyde induced distinct “turn-
on” effect on PL intensity at 410 nm of the guest-free phase
ZIF-8(b). From 0 ppb to 20 ppm, with the increase of
formaldehyde concentration, the PL intensity of ZIF-8(b) at 410
nm was enhanced gradually. Moreover, the PL intensity of the
guest-free phase ZIF-8(b) was linear with the formaldehyde
concentrations in two intervals, 0 - 0.5 ppm and 0.5 - 20 ppm,
with the correlative coefficients of 0.9991 and 0.9819,
respectively. Based on 38/slope criterion (, standard deviation
of the blank samples), the limit of detection (LOD) was
calculated to be 0.057 ppm, which is satisfied with the
requirements of indoor danger threshold set by OSHA and safe-
exposure standard set by WHO. Compared with other methods,
for example, the reported methods based on Ln-MOFs or Cu(l)-
MOF, this method based on ZIF-8 could result in a satisfactory
detection limit and sensitivity for formaldehyde fast detection.

This journal is © The Royal Society of Chemistry 2012
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Fig. 4 Variations in solid-state photoluminescence emission spectra of ZIF-8(b)
after exposure to different concentrations of formaldehyde for 5 min (0 ppb, 100
ppb, 250 ppb, 500 ppb, 1 ppm, 5 ppm, 10 ppm, 15 ppm and 20 ppm). A = 350
nm. Inset figure: two fitting lines for the emission intensity of ZIF-8(b) increased
after exposure to different concentration of formaldehyde from 0 ppb to 20 ppm
(upper one: 0 - 0.5 ppm, lower one: 0.5 - 20 ppm). Aex = 350 NM, Aey, = 410 Nm.

3.4. Reversibility

Besides high sensitivity and low detection limit, reversibility is
another crucial factor to assess the performance of sensor. To
study the reversibility of ZIF-8-based sensing platform, the
synthesized ZIF-8(b) after exposure to 20 ppm of formaldehyde
was regenerated in vacuum at 150 °C for 24 h. Noticeably, the
PL emission intensity of ZIF-8(b) could be regenerated
completely (Fig. 5). And it was worth mentioned that the PL
emission intensity at 410 nm maintained its original intensity
even after several cycles of exposure to formaldehyde and
vacuum treatment at 150 °C (Fig. 5). In Fig. S2, the
morphology and XRD peaks of ZIF-8(b) in vacuum at 150 °C
for 24 h regenerated had no change compared with ZIF-8(b)
before adsorption formaldehyde, which demonstrates the

stability of the structure. Because of the reversibility of ZIF-8(b)

reused as the platform for formaldehyde fast detection, this
results illustrated the feasibility and economic characteristics of
this method.
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Fig. 5 Variations in PL Intensities of ZIF-8(b) over multiple cycles of exposure to
20 ppm formaldehyde and treatment in vacuum for 24 h at 150 °C. The PL
intensity of the guest-free phase ZIF-8(b) was defined as l,, and | was the PL
intensity of the guest-free phase ZIF-8(b) after exposure to 20 ppm
formaldehyde or treatment in vacuum at saturation cycles. Aex = 350 Nnm, Aey =
410 nm.
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3.5. Selectivity

Whether there are false positive or negative effect casued by
interferent substances is anthor key factor to evaluate the
feasibility of the formaldehyde detection method. For many
indoor formaldehyde detection methods, errors caused by
indoor interferents emitting from indoor emission materials
(such as furniture and building materials) inhibited the accurate
detection of indoor formaldehyde. To evaluate the selectivity of
the proposed detecting method, its performance on
formaldehyde fast detection with the coexistence of 2 ppm of
other main indoor pollutants (benzene, toluene, methanol and
ethanol) were investigated. A series of exposure time (5 min,
10min, 15 min and 20 min) were choosed due to heating at 75
°C, the optimized condition measured at room temperature(5
min) for formaldehyde detection may be inapplicable. As
shown in Fig. 6, after exposure to 2 ppm of formaldehyde for 5
min with the presence of 2 ppm of toluene, benzene, methanol
or ethanol, the PL intensity of ZIF-8(b) was little influenced by
these interferent substances. The similar phenomenon was
observed with the exposure time prolonging to 10 min, 15 min
and 20 min, which suggests that the present sensing platform
exhibits good selectivity and feasibility for the detection of
indoor formaldehyde.

2000 [T THCHO alone

ICHO + 2 ppm benzene
1CHO + 2 ppm toluene

1CHO + 2 ppm methanol
{CHO + 2 ppm ethanol

wn

-

=

<
N

1000

PL Intensity

500+

10
Time (min)
Fig. 6 Comparison of Solid-state photoluminescence intensity of the guest-free
phase ZIF-8(b) after exposure to 2 ppm formaldehyde in the absence and
presence of other main indoor pollutants (benzene, toluene, methanol and
ethanol) with a concentration of 2 ppm in various time (5 min, 10 min, 15 min
and 20 min). Aex = 350 nm, A = 410 nm.

3.6. Detection mechanism

To explain the detection mechanism, the luminescent
mechanism of ZIF-8 was deduced first by investigating the
solid-state PL excitation spectra of the neutral ligand 2-
methylimidazole and the as-synthesized ZIF-8(a) at room
temperature. A series of emission wavelengths were chosen for
this purpose. As shown in the Fig. 7a, the neutral ligand 2-
methylimidazole exhibited its strongest PL intensity at 360 nm
emission wavelength with the excitation wavelength of 310 nm,
which is possibly attributed to the n* - & transition of 2-
methylimidazole.?®3! While, the as-synthesized ZIF-8(a) was
found to exhibit its strongest PL emission intensity at 380 nm

J. Name., 2012, 00, 1-3 | 5
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with the excitation wavelength at 350 nm (Fig. 7b), which is
totally different with that of neutral ligand 2-methylimidazole.
According to the previous reports, when one of the composite
fractions of MOFs is transition-metal ions without unpaired
electrons, especially those having d*° configurations (such as
Zn?*, Cu®" and Cd*"), they can highly yield linker-based
emissive.*® Therefore, it is reasonable to deduce that the
luminescent of ZIF-8 is based on linker-based emission. The
red shift 20 nm of emission wavelength compared to the neutral
ligand 2-methylimidazole is owing to the coordination of 2-
methylimidazole to the Zn?".

RSC Advances

similar with formaldehyde, played little effect on the PL
emission intensity of ZIF-8 was due to the weak interaction of
their functional group (—OH) with the host framework of ZIF-8.
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Fig. 7 (a) The excitation spectra of 2-methylimidazole under different emission

wavelengths. (b) The excitation spectra of as-synthesized ZIF-8(a) under different
emission wavelengths.

In order to explain the possible mechanism of the “turn-on”
effect of formaldehyde on the PL emission intensity, SEM and
XRD analysis of ZIF-8(b) were operated to compare the
morphology changes after exposure to formaldehyde gas and
air for 1 h, respectively. Results indicated that there were
obvious changes in the morphology of ZIF-8(b): the particles
agglomerated after exposure to 20 ppm of formaldehyde for 1 h
(Fig. 8a and 8b), illustrating the specific interaction between
formaldehyde and host framework. But the basic 3D structure
of host framework was still maintained, which shows the good
stability of ZIF-8 as testified by XRD data as well (Fig. 8c).
Meanwhile, FT-IR spectra of the guest-free phase ZIF-8(b)
were carried out after exposure to air and 20 ppm formaldehyde
for 1 h, respectively. As shown in Fig. 8d, taking the two curves
into comparison, a weak absorption band in the region of 1620
— 1640 cm™ was observed in the spectrum of the guest-free
phase ZIF-8(b) after exposure to formaldehyde at room
temperature, indicating the existence of C=O stretching
vibrations. The existence of C=0 stretching vibrations meant
that the existence of formaldehyde gas in ZIF-8 interacting with
the host frameworks of ZIF-8, which enhanced the structural
rigidity of MOFs and influenced the luminescent
characterization based on linker-based emission. The principle
of the strategy is illustrated in Scheme 1.

The reason for the little influence of benzene or toluene on
PL intensity of ZIF-8(b) exposing to formaldehyde was mainly
attributed to their larger kinetic diameter (kp, 6.8 A and 6.7 A,
respectively), which is almost twice larger than the pore
window of ZIF-8 (3.4 A), preventing them from getting into the
pore and interacting with the host frameworks of ZIF-8. While,
as for methanol and ethanol, whose Kkinetic diameters are

6 | J. Name., 2012, 00, 1-3
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Fig. 8 (a) SEM picture of ZIF-8(b) after exposure to 20 ppm formaldehyde for 1 h.
The upper-right corner figure represents an enlarged view of the red square area.
(b) SEM picture of ZIF-8(b) after exposure to air for 1 h. The upper-right corner
figure represents an enlarged view of the red square area. (c) XRD patterns of
ZIF-8(b) after exposure to 20 ppm formaldehyde and air for 1 h, respectively. (d)
FT-IR spectra of samples. Red and black data correspond to ZIF-8(b) after
exposure to 20 ppm formaldehyde and air for 1 h, respectively.

33 B
. Ll L] \d *
1 — e L —f " —%foﬂ
i . Guest 2 3= 2. P r
te ¢ o &
Metal-organic Guest Signal
Frameworks Recognition Transduction

Scheme 1. A possible signal transduction strategy in the inner of Metal-organic
frameworks based on the specific interaction between guest and host
frameworks is presented.

4, Conclusion

In summary, a rapid, convenient and highly sensitive ZIF-8-
based sensor is presented for PL “turn-on” detection of indoor
formaldehyde. On the basis of the PL enhancement of ZIF-8 by
gaseous formaldehyde, the sensor exhibits high sensitivity,

This journal is © The Royal Society of Chemistry 2012
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good reproducibility and selectivity. Moreover, we also
elaborate the enhancement of PL emission intensity is most
possibility due to the specific interaction of HCHO with the
host framework of ZIF-8. The enhancement mechanism was
explored by means of some characterization based on the
agglomeration of material itself and the appearance of C=0 in
the host framework which may lead to the structural rigidity
enhancement of MOFs. Taking good performance of ZIF-8-
based luminescent sensor, it is expected that by synthesizing
more specific MOFs, highly sensitive sensor based host—guest
strategy may be applied to the detection of a wide range of
gaseous pollutants.
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