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Water-soluble luminescent hybrid aminoclay grafted with 
lanthanide complexes synthesized by Michael-like addition 
reaction and its gas sensing application in PVP nanofiber  
Qing-Feng Li,a Lin Jin,a Lili Li,a Wenpei Ma,a Zhenling Wang, *a and Jianhua Hao*b  

Aminoclay has been used as a scaffold for lanthanide complexes and dye molecules for light harvesting application. 
However, these syntheses are mainly based on non-covalent electrostatic attraction between aminoclay and guest 
moleculars. Herein we develop a strategy to synthesize luminescent aminoclay by Michael-like addition reaction between 
amino-group of aminoclay and Michael acceptor group. UV absorbance, photoluminescence and phosphorescence spectra 
studies confirmed that luminescent lanthanide complexes were covalently grafted onto the amionclay. We found that the 
hybrid aminoclays (AC-Ln(DPA)n) exhibit favorable luminescent properties coupled with good water-solubility. 
Furthermore, the luminescent aminoclay can be incorporated into water-soluble polyvinylpyrrolidone (PVP) to obtain 
highly luminescent, physically crosslinked nanofiber by electrospinning technology. Interestingly, an exposure of the 
nanofiber to HCl vapors can cause a significant quenching of Eu3+ luminescence, while a remarkable luminescence 
enhancement occurred upon exposure of the acid-treated nanofiber to Et3N vapors. Further studies indicated that this 
reversible luminescence change is due to the dissociation and recovery of Eu3+ complexes by HCl and Et3N vapors. The 
results present a promising gas sensing application based on the developed hybrid luminescent materials.

Introduction 
Layered clay materials that can be synthesized to tune their surface-
charge properties have recently emerged as promising scaffold for 
construction of functional materials. 1-3 However, many practical 
applications of clay have been limited due to their low water-
dispersity. In comparison, a new class of synthetic amino-
functionalized magnesium silicate clay named as aminoclay (AC) 
shows high water-solubility because it can be self-exfoliated in 
water by the electrostatic repulsive forces between protonated 
amino-groups, 4 and this inherent property makes it useful as metal 
catalyst or drug delivery carriers, guest molecular scaffold, etc. 5-8 It 
should be mentioned that great efforts have been made toward 
modifying AC with some luminophores to expand its optical 
applications in recent years. 9-13 For instance, George et al. 
developed a novel class of white light-emitting soft-material by 
noncovalent co-assembly of AC and ionic chromophores. 10 Li and 
co-workers synthesized multi-color luminescent hybrid materials 
based on AC and lanthanide complexes, and the as-prepared hybrid 
material shows temperature-dependent luminescent property. 12 

Wang et al. prepared flexible luminescent polyvinylalcohol/AC 
composite films doped with lanthanide complexes. 13 However, 
these synthetic approaches are mainly based on the noncovalent 
ion-pairs interaction between AC and guest moleculars. In view of 
the fact that AC are able to be completely protonated in neutral 
solution to form amino-positive ion, only the negatively charged 
molecules can be incorporated into AC via ion exchange.  

Michael-like addition reaction has been rarely applied in 
preparation of hybrid luminescent materials, although it has been a 
widely used chemical modification technology that is well 
established in materials chemistry 14,15 and protein science. 16,17. It is 
well known that amino-group, a strong nucleophilic group, can 
react with Michael acceptors via forming a N-C bond, which is 
stable in the presence of acid or alkali solution. 18 Recently, we have 
synthesized a bifunctional chelating agent named as 4-
vinylpyridine-2, 6-dicarboxylic acid, which contains: (1) a Michael 
acceptor moiety that can react with nucleophilic group via Michael-
like addition reaction, 19 and (2) a pyridine-2, 6-dicarboxylic acid 
(DPA) moiety that can sensitize the luminescence of Tb3+ or Eu3+ 
ions. 20 Thus, this will provide a new approach for covalent 
modification of aminoclay by means of Michael-like addition 
reaction.   

In this work, we prepared a novel hybrid luminescent material 
by covalent attachment of 4-vinylpyridine-2, 6-dicarboxylic acid to 
AC. In this strategy, the amino-group in AC acts as Michael donor 
which can react with 4-vinylpyridine-2, 6-dicarboxylic acid by 
Michael-like addition reaction. The obtained hybrid materials 
exhibit excellent water-solubility and their aqueous solution show 
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bright visible emission under UV irradiation. This approach is 
expected to provide a useful and universally applicable strategy for 
preparation of hybrid materials. Through this strategy, lanthanide 
complexes could be grafted onto the functional matrix containing a 
nucleophilic group such as amino or thiol group. Meanwhile, 
transition metal complexes could also be grafted onto the 
functional matrixes by designing suitable heteroleptic ligand. In 
addition, the incorporation of layered clay into polymers can usually 
adjust their performance and application. 21, 22 Therefore, the 
luminescent composite nanofibers from modified AC and 
polyvinylpyrrolidone (PVP) were prepared via the electrospinning 
process, in which AC moiety acts as a crosslinker for PVP 23, and the 
resulting nanofiber exhibits good acid-base gas sensitive properties. 

Results and discussion 
The proposed synthesis procedure of hybrid luminescent aminoclay 
was illustrated in Scheme 1. Firstly, 4-vinylpyridine-2, 6-dicarboxylic 
acid (compound 1) 20 and aminoclay 12,24 were synthesized as 
previously described, respectively. Then, the hybrid aminoclay (AC-
DPA) was prepared through the Michael-like addition reaction of 
aminoclay and compound 1 in dimethylsulfoxide (DMSO) solution, 
and it is worth noting that the addition reaction does not proceed 
well in the absence of triethylamine (Et3N) and tributylphosphine 
(TBUP). Finally, the hybrid luminescent aminoclays (AC-Ln(DPA)n, Ln 
= Tb or Eu) were obtained by assembling with AC-DPA and 
lanthanide ion in ethanol. 

Scheme 1 Proposed synthesis procedure of the hybrid luminescent 
aminoclay AC-Ln(DPA)n. 

The UV absorbance spectra of pyridine-2, 6-dicarboxylic acid (DPA), 
compound 1, AC-DPA, AC-Ln(DPA)n are presented in Fig. 1. It can be 
seen that the compound 1 exhibits two obvious absorption peaks at 
290 and 300 nm, assigned to π→π* electronic transition of the 
conjugated group (Fig. 1b). However, the UV spectra of AC-DPA, AC-
Tb(DPA)n, AC-Eu(DPA)n (Fig. 1c to e) showed a clear blue-shift 
compared with that of compound 1, which is ascribed to the 
addition reaction of compound 1 and aminoclay. 25 Furthermore, 
the UV spectra of AC-DPA, AC-Tb(DPA)n and AC-Eu(DPA)n are very 
similar to those of DPA (Fig. 1a), which also proved that the electron 
deficient double bond of compound 1 was successfully reacted with 

amino-group of aminoclay in this addition reaction. However, there 
was little change in the UV absorbance spectrum of the mixture of 
compound 1 and AC in the absence of Et3N and TBUP within 7 days. 
This result showed that the addition of Et3N and TBUP greatly 
accelerated the rate of the addition reaction. 

Fig. 1 UV absorbance spectra of DPA (a), compound 1 (b), AC-DPA 
(c), AC-Tb(DPA)n (d) and AC-Eu(DPA)n (e) in aqueous solution (pH 
7.4). 

Fig. 2 FT-IR spectra of AC (a), AC-DPA (b), AC-Tb(DPA)n (c) and AC-
Eu(DPA)n (d). 

The FT-IR spectra of aminoclay and functionalized aminoclay were 
displayed in Fig. 2. The absorption bands located at 1017 cm-1 can 
be ascribed to asymmetric stretching vibration of Si-O, and the 
bands centered around 550 and 933 cm-1 are associated with the 
stretching vibrations of the Mg-O groups and deformation vibration 
of inner Mg-OH groups, 26,27 respectively (Fig. 2a to d ). Meanwhile, 
the peak at 2930 cm–1 (νas, C-H), originating from the -
CH2CH2CH2NH2 groups, is a further evidence to support the 
successful synthesis of aminoclay. After reacting with compound 1, 
two new bands corresponding to the skeleton vibration of pyridine 
ring (C=C or C=N) appeared at 1415 and 1452 cm-1 (Fig. 2b to d), 
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which demonstrates the successful grafting of DPA group onto the 
aminoclay. 20 Moreover, XRD results showed that AC-Tb(DPA)n, AC-
Eu(DPA)n and AC have a similar talc-like structure (Fig. S1). 6 

The optical properties of AC-Tb(DPA)n and AC-Eu(DPA)n were 
investigated by photoluminescence (PL) spectra. Both of the 
excitation spectra show a broad excitation band with a maximum at 
280 nm, which can be attributed to the absorption of the 
lanthanide complexes, including ligand and lanthanide ions (Fig. 3a 
and c). This result shows that these two kinds of hybrid 
luminescence aminoclays can be excited by the ultraviolet (UV) light 
with identical wavelength, but emit different luminous color. As 
expected, under UV light excitation (280 nm), AC-Tb(DPA)n exhibits 
the characteristic emission peaks at 491 542, 582 and 621 nm, 
attributed to 5D4→7FJ (J = 6, 5, 4, 3) transitions of Tb3+ ion, 
respectively. Among these emissions the emission corresponding to 
5D4→7F5 is the strongest one (Fig. 3b). 28-31 While, under identical 
excitation, AC-Eu(DPA)n gives the characteristic emission peaks of 
Eu3+ at 594, 615, 649 and 695 nm, assigned to the 5D0→7FJ (J = 0, 1, 
2, 3, 4) transitions of Eu3+ ion with the 5D0→7F2 transition as the 
most prominent one (Fig. 3d). 32-36 No broad emission band of the 
organic ligand can be observed in the emission spectra, implies that 
the energy transfer occurs from the ligand to the central Ln3+ ion 
(Ln = Tb or Eu). As observed by luminescent photos, AC-Tb(DPA)n 
and AC-Eu(DPA)n show bright green and red emissions under UV 
light excitation (insets of Fig. 3b and d). The CIE (Commission 
Internationale de I'Eclairage) chromaticity coordinates also indicate 
that the emission of AC-Tb(DPA)n and AC-Eu(DPA)n lie in green (x = 
0.33, y = 0.57) and red (x = 0.66, y = 0.34) region, respectively (Fig. 
S2). 

 

Fig. 3 PL excitation and emission spectra of AC-Tb(DPA)n (a, b) and 
AC-Eu(DPA)n (c, d) in aqueous solution, and the insets of Fig. 3b and 
d are digital photos of AC-Tb(DPA)n (green) and AC-Eu(DPA)n (red) 
solution excited by UV light (254 nm). 

The lifetime values of the excited state 5D4 (Tb3+) in AC-Tb(DPA)n 
and 5D0 (Eu3+) in AC-Eu(DPA)n can be determined by the 
luminescent decay curves (Fig. 4). Both the decay curves could be 
well fitted by a double-exponential function described as I = A1exp(-
t/τ1)+A2exp(-t/τ2), where τ1 and τ2 stand for the slow and fast terms 
of the luminescent lifetime respectively, and A1 and A2 are the 

corresponding pre-exponential factors. These results imply the 
presence of different luminescent unit in these hybrid materials. As 
described in the literature, there are three types of complexes 
formed by dipicolinic acid (DPA) and Ln3+: [Ln(DPA)]+, [Ln(DPA) 2]-, 
[Ln(DPA) 3]3-. Based on the results, we speculate that there are two 
main forms of complexes present in these materials, the average 
coordination environment of Tb3+ or Eu3+ is not uniform. Therefore, 
the decay curves were fitted by a double-exponential function. We 
use n to represent the real mole ratio of ligand to metal ion in AC-
Ln(DPA)n. The average lifetime can be calculated using the following 
equation. 

τ = ( A1τ12 + A2τ22) / ( A1τ1 + A2τ2 ) 

According to the fitting results, the lifetime values of AC-Tb(DPA)n 
and AC-Eu(DPA)n are determined to be 1.64 and 1.50 ms, 
respectively. 

 

Fig. 4 Luminescence decay curves of AC-Tb(DPA)n (a) and AC-
Eu(DPA)n (b). 

As reported by other researchers, pyridine-2, 6-dicarboxylic acid 
(DPA) is an efficient tridentate ligand for sensitizing the 
luminescence of Tb3+ or Eu3+. 37-39 Na3[Tb(DPA)3] exhibits bright 
green emission upon an excitation of UV light with a wavelength of 
280 nm. 38 However, when compound 1 and Tb3+ ion were mixed 
together with a molar ratio of 3:1 under neutral pH condition, no 
characteristic green emission of Tb3+ ion was observed for the 
above mixture by excitation of the same UV light. 20 Generally, 
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intramolecular energy transfer from the triplet state of the organic 
ligand to the resonance level of Ln3+ ion is regarded as a critical 
factor affecting the luminescence of lanthanide complexes. The 
triplet state energy level of compound 1 determined by the 
corresponding phosphorescence spectrum of Na3[Gd(1)3] at 77 K 
was 20833 cm-1 (Fig. S3), which is very close to 5D4 for Tb3+ (20430 
cm-1). However, pervious studies showed that a close match 
between the resonance level of Tb3+ ion and the triplet state of the 
organic ligand is not desirable, because energy back-transfer from 
the excited Tb3+ ion to the organic ligand will occur, 40, 41 leading to 
Tb3+ luminescence quenching (Fig. 5). As for AC-Tb(DPA)n, the 
amino-group of aminoclay was reacted with electron-deficient C=C 
of compound 1 to generate a DPA residue (Scheme 1), and the 
triplet energy level of DPA (26600 cm-1) is higher than the emitting 
level of Tb3+ (5D4, 20430 cm-1). Therefore, the DPA residue can act 
as an antenna ligand for sensitizing the luminescence of Tb3+ ion 
(Fig. 5). In order to determine if the DPA residue can be generated 
only through the Michael-like reaction of amino-group and 
compound 1, we simply mixed compound 1, Et3N and TBUP in 
DMSO for two days, and then Tb3+ ions was added to the above 
solution, no characteristic emission of Tb3+ ions was observed under 
the irradiation of UV light, which shows that no DPA residue was 
generated in the absence of amino group. This result indirectly 
suggests that the DPA residue was really grafted onto aminoclay via 
Michael-like addition reaction. 

 

Fig. 5 Simplified energy diagram of DPA, compound 1 and Tb3+, ET: 
Energy transfer, EBT: Energy back-transfer. 

It is well known that polyvinylpyrrolidone (PVP) is a water-soluble, 
biocompatible and nontoxic organic polymer. This material has 
excellent thermal stability, adsorption, adhesion and film-forming 
ability, which makes it an ideal scaffold for design of various 
functional materials with different states such as film, hydrogel and 
nanofiber. 42-44 Moreover, the incorporation of clay into PVP matrix 
usually improves the physicochemical properties of the resulting 
composites. Hence, it is reasonable to envisage the combination of 
PVP and the functionalized aminoclay to afford a novel luminescent 
material. By means of electrospinning technique, we prepared a 
kind of luminescent composite nanofibers using PVP and AC-
Ln(DPA)n as precursors, and the morphology of the nanofibers were 
investigated by scanning electron microscopy (SEM). As shown in 
Fig. 6, both of the composite nanofibers with diameter of 460 ± 
110nm have a relatively uniform and smooth surface, indicating 

that AC-Ln(DPA)n were well embedded in the PVP matrix. FT-IR 
analysis was further carried out to verify the interactions between 
the luminescent aminoclay and PVP. As shown in Fig. S4a, the peak 
at 1657 cm-1 could be ascribed to the stretching vibration of C=O of 
PVP. 23 However, this band was blue-shifted after modification by 
luminescent aminoclay (Fig. S4b and c), suggesting the presence of 
hydrogen bonding between the AC-Ln(DPA)n and PVP. 

 
Fig. 6 SEM image of PVP-AC-Tb(DPA)n (a, b) and PVP-AC-Eu(DPA)n (c, 
d). 

The successful formation of PVP-AC-Ln(DPA)n was also confirmed by 
optical studies. As shown in inset of Fig. 7b and d, under irradiation 
of 254 nm UV lamp, PVP-AC-Tb(DPA)n and PVP-AC-Eu(DPA)n emitted 
bright green and red light respectively. And the characteristic 
emission peaks of Tb3+ at 491 542, 582 and 621 nm and Eu3+ ion at 
594, 615, 649 and 695 nm were also observed in the corresponding 
PL spectra (Fig. 7b and d). The optical data like excitation 
wavelength (λex), emission wavelength (λem), lifetimes (τ), CIE 
coordinates and quantum efficiency (η) of AC-Ln(DPA)n and PVP-AC-
Ln(DPA)n are listed in Table S1. It appears that the quantum 
efficiency of PVP-AC-Ln(DPA)n was higher than that of the 
corresponding AC-Ln(DPA)n, and the other optical data of PVP-AC-
Ln(DPA)n are very similar to that of AC-Ln(DPA)n (Table 1, Fig. S5 and 
Fig. S6). There may be two factors leading to the higher 
luminescence efficiency of PVP-AC-Ln(DPA)n: 1) the interaction 
between PVP and Ln3+ 45, including coordination 46; and 2) 
embedding of PVP. Therefore, the non-radiative transition of Ln3+ 
will decrease due to these two factors, and the quantum efficiency 
of PVP-AC-Ln(DPA)n is higher than that of the corresponding AC-
Ln(DPA)n. 
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Fig. 7 PL excitation and emission spectra of PVP-AC-Tb(DPA)n (a, b) 
and PVP-AC-Eu(DPA)n (c, d), and inset of Fig. 7b and d are the digital 
photos of PVP-AC-Tb(DPA)n and  PVP-AC-Eu(DPA)n excited by UV 
light (254 nm). 

As mentioned above, PVP-AC-Ln(DPA)n have prominent 
luminescent properties and proton-binding capacity, these 
characteristics make them promising candidate materials for acid 
gas sensor. 47, 48 As expected, after exposure of PVP-AC-Eu(DPA)n to 
HCl vapors, the luminescence intensity was concomitantly 
decreased by gradual increasing concentration of HCl vapor from 0 
to 200 ppm, and then decreased slightly with further increasing of 
the HCl concentration (Fig. 8a). Fig. 8b shows a plot of I0/I versus the 
HCl vapors concentration ([HCl]), which exhibits a good linear 
correlation at low HCl concentration, and the linear equation can be 
described by the Stern-Volmer equation: I0/I = Ksv[HCl]+1. 49,50 
Where I0 and I are the luminescence intensity of PVP-AC-Eu(DPA)n in 
the absence and presence of HCl vapors, respectively, Ksv is the 
quenching constant (ppm-1). The quenching constant (Ksv) was 
calculated as 0.05 ppm-1, and the detection limit was determined to 
be 0.2 ppm for HCl vapors. Moreover, the time-dependent emission 
spectra after exposure of PVP-AC-Eu(DPA)n to HCl vapor were 
investigated. As shown in Fig. 8c and d, the emission intensity of 
PVP-AC-Eu(DPA)n decreased continuously upon exposure to the HCl 
vapor over the time range of 0-10 s, and a 75 % quenching of the 
emission intensity at 615 nm was found within 2 s, which indicated 
that PVP-AC-Eu(DPA)n is very sensitive to HCl gas. Meanwhile, we 
found that other volatile strong acids such as nitric acid and 
trifluoroacetic acid exhibit significant luminescence quenching 
effect for PVP-AC-Eu(DPA)n, however, nonvolatile or weak organic 
acids (sulfuric acid, phosphoric acid, phosphorous acid, propionic 
acid, acetic acid) show a slight effect on the luminescence 
intensities of PVP-AC-Eu(DPA)n, and a moderate quenching effect 
was found in presence of formic acid (Fig. S7). 

 

Fig. 8 Concentration-dependent luminescence spectra of PVP-AC-
Eu(DPA)n after exposure to different concentrations of HCl vapors 
(a),inset is Plot of Stern-Volmer plot for the response to HCl vapors 
(b),  time-dependent luminescence spectra after exposure of PVP-
AC-Eu(DPA)n to HCl vapors (c),  

Interestingly, the addition of this acid vapors treated sample 
to Et3N vapors for 60 s causes a significant recovery of the 
luminescence intensity at 615 nm (Fig. 9). Meanwhile, the broad 
excitation band ranging from 230 to 300 nm re-emerged in the 
corresponding excitation spectrum (Fig. S8, red line). This reversible 
luminescence change can also be observed by naked eye under a 
UV-lamp (insets of Fig. 9). It is plausible that the gas sensitive 
property of PVP-AC-Eu(DPA)n is mainly due to the dissociation of 
the Eu3+ complex in acidic medium.  The high proton strength 
makes it easier for the carboxyl group to bind protons than Eu3+ ion, 
which leads to the quenching of the luminescence. In contrast, the 
deprotonated carboxyl ligand can coordinate with Eu3+ ion to form 
a stable luminescent complex in Et3N vapors (Fig. S9). Our analysis 
can be further confirmed by IR spectrum. As shown in Fig. S10, 
upon treatment with HCl vapor, a new band at 1747 cm-1 
corresponding to the C=O stretching vibration in –COOH appears in 
the IR spectrum (Fig. S10a), 39 indicating that the Eu3+ complex was 
dissociated into free ligand and Eu3+ ion by HCl vapors. However, 
this band is not observable after the nanofiber was further 
treatment with Et3N vapors. Moreover, two new bands at 2495, 
2601 cm-1 corresponding to the N-H stretching vibration of Et3N 
hydrochloride (Fig. S10c) are present (Fig. S10b), proving that the 
acidic sites on the HCl vapors treated sample was neutralized by 
Et3N vapors. Moreover, the acid/base controlled emission on-off 
switching characteristic of PVP-AC-Eu(DPA)n were investigated by 
monitoring the emission intensity changes at 615 nm upon 
exposure to HCl and Et3N vapors. It is found that PVP-AC-Eu(DPA)n 
displays good reversibility after exposure to 5 cycles of HCl vapors 
alternated with Et3N vapors (Fig. S11). 
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Fig. 9 Emission spectra of PVP-AC-Eu(DPA)n , before (1) and after 
exposure to HCl vapors (2) and then Et3N vapors (3).and inset of Fig. 
9 are digital photos of PVP-AC-Eu(DPA)n excited by UV light (254 
nm) after exposure to HCl vapors (2) and then Et3N vapors (3). 

Conclusions 
In summary, we demonstrate an effective strategy based on 
Michael-like addition reaction to synthesize the luminescent 
aminoclay. Optical analysis revealed that lanthanide complexes 
were successfully covalently grafted onto the AC by this strategy. 
The catalysts (Et3N and TBUP) play a key role in this addition 
reaction of AC and compound 1. Moreover, the as-prepared AC-
Ln(DPA)n can be used as the crosslinker for fabricating luminescent 
PVP nanofiber, which can sense to both HCl and Et3N vapors. The 
results indicate that the protonation and deprotonation of 
carboxylic acid ligand are responsible for the reversible 
luminescence switching. Thus, we expect that our strategy will 
stimulate new opportunities in the design of multifunctional hybrid 
AC for exploitation in luminescent gas sensing. 51,52 

Experimental section 
4-vinylpyridine-2, 6-dicarboxylic acid (compound 1) 20 and 
aminoclay 12, 24 were synthesized as previously reported. 

Synthesis of hybrid aminoclay (AC-DPA) 

Aminoclay (0.5 g), 4-vinylpyridine-2, 6-dicarboxylic acid (20 mg), 
tributylphosphine (0.1 mL) and triethylamine (1.0 mL) were added 
to 8 mL of dimethyl sulphoxide (DMSO). The resulting mixture was 
stirred at room temperature for about 24 h. The suspension was 
centrifuged and the solid residue was washed with absolute 
ethanol, and then dried under vacuum at 50 °C for 8 h. 

Synthesis of hybrid luminescent aminoclay (AC-Ln(DPA)n) 

AC-DPA (0.2 g) was dispersed in absolute ethanol (5 mL), and then 
LnCl3·6H2O (10 mg, Ln: Tb or Eu) was added to the above mixture. 
After stirred at room temperature for about 12 h, the mixture was 
centrifuged and the obtained solid was washed thoroughly with 
absolute ethanol. 

Synthesis of hybrid luminescent PVP nanofibers (PVP-AC-
Ln(DPA)n) 

AC-Ln(DPA)n (40 mg) was dissolved to deionized water (0.25 mL), 
the pH was adjusted to 7-8 with 2mol/L hydrochloric acid. And then 
ethanol (1 mL), polyvinylpyrrolidone (PVP, Mw: 1.3×106, 0.2 g) was 
added to the above solution. After stirred at room temperature for 
about 24 h, the nanofibers were prepared by electrospinning 
technology. 

Exposure to HCl/Et3N vapors 

30 mg PVP-AC-Eu(DPA)n was put in a 25 mL glass beaker, and 
different concentration dry HCl gas was added to a 250 mL sealed 
container, and then the glass beaker placed into the sealed 
container for 60s. The same procedure was used in Et3N sensing, 
except that 3 mL dry Et3N was used in place of HCL gas.   

Characterization 
Ultraviolet (UV) absorption spectrum was performed with a Lambda 
35 (PerkinElmer) UV-vis spectrophotometer. FT-IR spectrum was 
recorded with a Thermo Nicolet 5700 spectrophotometer within 
the wavenumber range 4000-400 cm-1 (KBr pellet). Powder X-ray 
diffraction (XRD) data were obtained on a Bruker D8 advance X-ray 
diffractometer. Scanning electron microscopy (SEM) images were 
obtained with a FEI Quanta 200 electron microscope. The 
luminescence spectra and lifetimes were determined using an 
Edinburgh FLS920P spectrofluorimeter. Quantum efficiency was 
measured by an integrating sphere whose inner face was coated 
with Benflect. 
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