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A novel fluorescent Zn-MOF [Zn (cca)o.s (TPB)g 5(H20)2]-(NO3)-(H20)2 (complex 1) and its multipurpose sensing
applications have been revealed. By embedding 1, 2, 4, 5-tetra(4-pyridyl)benzene (TPB, the AIE ligand) into the
framework of complex 1, a fluorescent Zn-MOF with good thermo-sensitive properties in a wide temperature
range (30 °C-200 °C) was obtained. Remarkable fluorescent emission was observed for complex 1 both in solid
and solvents. An emission red shift (30 nm) of complex 1 after dispersed in HoO compared with that in other
solvents were recorded, which could be used in the distinguishing H>O from other solvents. PXRD tests revealed
the good stability of complex 1 in both organic and inorganic solvents. Stable suspension was obtained after
dispersed complex 1 in deionized water and used in the fluorescent detection acetone and metal ions in water.
Real-time fluorescent quenching sensing of acetone in water was accomplished with an experimental detection
limit as 0.03% (vol. %) based on the inner filter effect (IFE). Interestingly, significant fluorescent enhancement of
complex 1-Hp0 suspensions was detected after mixed with A13+, while, obvious fluorescent quenching was
recorded after treatment with Cu®". In addition, the experimental detection limits for AI** and Cu?* were

1.33 pM and 0.67 pM, respectively.

1. Introduction

Luminescent metal-organic frameworks (LMOFs) are promising can-
didates to construct fluorescent sensors owning to their intriguing
framework architecture, interesting topology and multipurpose optical
properties [1-4]. To date, various fluorescent MOF sensors were fabri-
cated for the detection of metal ions [5-7], nitroaromatic explosives
[8-10], VOCs [11-14] and bioactive molecules [15-17] et al. Besides, by
taking advantage of MOFs, multi-functional materials for temperature
[18], humidity [19,20], mechanical pressure [18,21] and battery-type
electrodes [22-25] have been rationally designed and constructed.
Temperature, as one of the most important physical parameter in both
industrial process control and biochemical processes, deserve more
concerns. According to previous studies, most of the revealed tempera-
ture responsive MOFs were mainly fabricated with flexible frameworks
[26-28] or lanthanide ions based coordination polymers [29-34]. The
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mechanism for these fluorescent thermometers could be concluded as
framework transformations or lanthanide ions based thermal respon-
siveness. As is well-known, circumstance temperature change greatly
affect the intramolecular motion of aggregation-induced emission (AIE)
molecules which will change the radiative/nonradiative decay rate and
lead to the fluorescent intensity variation [35-37]. Thus, temperature
responsive MOFs with high thermo-sensitivity and wide temperature
response range might be fabricated with AIE organic ligands.

1, 2, 4, 5-Tetra (4-pyridyl)benzene (TPB) is a tetradentate AIE ligand
which possess the X configuration [38,39]. Due to the good coordination
effect of pyridine rings, TPB could be used as a promising candidate ligand
for MOF construction. However, only a few MOFs that constructed with TPB
ligand have been reported thus far [40-45]. Meanwhile, due to the lone pair
electrons served as the coordination sites, the rotation of pyridine rings will
not destroy the framework of MOFs. Thus, high stable and sensitive
thermal-response LMOFs with interesting porous structure and intriguing
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sensing applications might be fabricated with TPB ligands. Herein, we
reveal the design, synthesis, thermal sensitive property and fluorescent
sensing application of [Zn(cca) 5(TPB)g 5 (Ho0)2]-(NO3)-(H20), (complex
1.

By embedding TPB into the framework as the ligand, a fluorescent
MOF (complex 1) has been constructed. Complex 1 possess a 3D cationic
framework with 1D channel which filled with nitrate ions, coordinated
and lattice water molecules. Thermo-sensitive fluorescent quenching was
observed in a wide temperature range, revealing the good temperature
sensing application of complex 1. Besides, PXRD tests proved the good
stability of complex 1 in various solvents such as water and acetone.
Moreover, strong fluorescent emission was observed for complex 1 both
in solid state and in solvents. In addition, stable suspensions were ob-
tained by dispersing complex 1 in deionized water and used in the
fluorescent sensing of acetone, AI*" and Cu?>" in water with good
selectivity and sensitivity.

2. Experimental sections
2. 1 Reagents and instruments

4-Carboxycinnamic acid (Hacca), TPB and other reagents were
bought from commercial reagent companies with analytical purity. X-ray
diffraction (XRD) patterns were performed using a Panalytical X-ray
Diffractometer. A Vario EL elemental analyzer was used for C, H and N
analyses. The IR spectra were obtained as KBr disks on a Nicolet NEXUS
470-FTIR Spectrophotometer. The thermogravimetric analyses (TGA)
were recorded using a Netzsch TG-209 Thermogravimetry Analyzer.
Fluorescent spectra were tested by using an Agilent Cary Eclipse fluo-
rescence spectrophotometer and a HITACHI fluorescence spectropho-
tometer (F4600).

2.2. Synthesis of [Zn(cca)o.5(TPB)g.5(H20)2]-(NO3)-(H20)z (complex 1)

To a glass scintillation vial (20 mL) was added Zn(NO3)y-6H30
(0.015 g, 0.05 mmol), Hacca (0.006 g, 0.03 mmol), TPB (0.0038 g,
0.01 mmol), nitric acid (6 M, 2d), DMF (4 mL) and H>O (4 mL). The
above mixture was reacted for 48 h at 90 °C. The designed product was
obtained as colorless block crystal with an isolated yield of 81% that
calculated based on Zn(NO3)o-6H>0.

Anal. Calcd. for C1g Hog N3 Og Zn (%): C, 44.32; H, 4.13; N, 8.62.
Found (%): C, 44.56; H, 4.01; N, 8.83. IR (KBr, cm’l): 3401 (s), 1639 (w),
1619 (vs), 1584 (m), 1534 (m), 1401 (vs), 1384 (vs), 1251 (w), 1225 (w),
1091 (w), 1065 (w), 1030 (w), 999 (w), 869 (w), 832 (m), 795 (w), 756
(w), 713 (w), 670 (w), 565 (w) (Fig. S1).

2.3. Preparation of stock solutions

The stock solutions of nitrogen containing aromatic compounds
(1 mM) including 4-nitrophenylhydrazine (4-NPH), o-nitroaniline (o-
NA), m-nitroaniline (m-NA), p-nitrophenol (p-NP), o-nitrophenol (0-NP),
picric acid (PA) and 2,4-dinitrophenylhydrazine (2,4-DNPH) were pre-
pared by using ethanol as the solvent. Metal ions stock solutions (Na*,
K+’ Zn2+, Cd2+’ C02+’ Ni2+’ A13+’ Mg2+, Pb2+’ Mn2+’ Ag+, Sr2+’ Hg2+
and Cu®") were prepared with the corresponding nitrate salts in deion-
ized water with a concentration of 1 mM. The stock solutions of KMnOy,
K5Cry07 and paraquat were prepared in deionized water with a con-
centration of 1 mM.

2.4. Structure determination

The single-crystal data of 1 was collected on Bruker D8 Venture sys-
tem, with Mo Ka radiation (A = 0.71073 A) at 173K. All empirical ab-
sorption corrections were applied using the SCALE3 ABSPACK program
[46]. The structure was solved by direct methods and refined by
full-matrix least-squares analysis on F2 using the SHELX97 program
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Table 1

Crystal data and structure refinements for complex 1.
Compound reference 1
Formula C18H20N309Zn
Fw. 487.74
Crystal system Monoclinic
Space group P2;/n
a A 7.8233 (4)
b (A) 12.5096 (4)
cA) 20.5409 (6)
a(®) 90
p() 92.058 (3)
7 (®) 90
140S) 2008.97 (13)
Z 4
Dc (g-cm ™) 1.613
Reflections/Unique 8491/3664
R (int) 0.0288
GOF on F? 1.043
“R; [1>20(D)] 0.0475
b wRy [1 > 206(D] 0.1283

9 Ry = Z|| Fo| -| F||/Z] F||-
> WR, = [E[w(F: -FO1/Tw(FD*V/2.
Where w = 1/[%(F,)? + (aP)? + bP] and P = (F? + 2F2)/3.

package. All Zn(Il) atoms were first located. Then carbon, oxygen, ni-
trogen and hydrogen atoms of the organic framework were subsequently
found. All of the non-hydrogen atoms were located from the initial so-
lution and refined anisotropically. All calculations were performed using
the SHELXTL system of computer programs [47]. Crystallographic data
and structure refinements for complex 1 were displayed in Table 1. The
selected bond lengths and bond angles were summarized in Table S1.
CCDC reference number of complex 1 is 2027078.

3. Results and discussion
3.1. Structural characterization of complex 1

3.1.1. Structural description

Single-crystal X-ray diffraction analysis revealed that complex 1
crystallizes in monoclinic space group P2;/n. The fundamental building
unit of complex 1 contains one Zn(II) ion, half of cca®” ligand, half of TPB
ligand, one NOj3 ion, two coordinated and two uncoordinated water
molecules. In complex 1, the central Zn1(II) ion was coordinated with
two chelate carboxylate oxygen atoms (01, 02) from the cca®~ ligand
(Zn1-01 = 2.353 (19) A and Zn1-02 = 2.079 (9) A), two oxygen atoms
(O1lw, O2w) from two distinct coordinated water molecules
(Zn1-O1w = 2.199 (3) A and Zn1-02w = 2.153 (4) A) and two nitrogen
atoms (N1, N2#1) from two different TPB ligands (Zn1-N1 = 2.077 (3)
and Znl1-N2#1 = 2.042 (3) i\) to form a slightly distorted octahedral
coordination geometry (Fig. 1a). The styrene segment of the Hycca ligand
is disordered with the phenyl and ethenyl groups related by the crys-
tallographic inversion symmetry (Fig. 1b). In the framework, each TPB
ligand links four Zn(Il) atoms to form a [Zn (TPB)], two-dimensional
(2D) layer structure (Fig. 1c), which is further linked by the cca® li-
gands to give a 3D cationic framework with 1D channels along the b axis
(Fig. 1d). Counterions (nitrate ions), coordinated and lattice water mol-
ecules are filled in the channels.

3.1.2. PXRD analysis

X-ray power diffraction (PXRD) patterns of complex 1 were recorded
at room temperature and the results were displayed in Fig. 2. The peak
positions of the as synthesized complex 1 match well with the simulated
patterns, suggesting the good phase purity of complex 1.

3.1.3. TG analysis
To study the thermal stabilities of complex 1 in the temperature
ranged from 20 °C to 790°C, thermogravimetric analyses (TGA) was
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Fig. 1. (a) Coordination environments of Znl in complex 1, guests and hydrogen atoms are omitted for clarity. Symmetry codes:#1 - x, -y, 1- z; #2 -x, 1-y, 2 - z; #3 1/
2-%x,-1/2+y,3/2-z #4 1/2-%x,1/2 +y, 3/2 - z; (b) View of the disorder mode of Hycca ligand in complex 1; (c) View of the layer structure of [Zn (TPB)], in

complex 1; (d) View of the 3D framework of complex 1 along the ac plane.
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Fig. 2. PXRD patterns of complex 1.

carried out under Ny atmosphere at a ramp rate of 10°C min~?. The result
was displayed in Fig. S2, the first weight loss of 7.38% was observed from
20°C to 100°C in the TGA curve, which could be attributed to the release
of non-coordinated water molecules (calcd 7.20%) in the channels. The
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Fig. 3. Solid state
Hscca (Aex = 300 nm).

fluorescent spectra of complex 1, TPB and

second weight loss is 14.77% at 100 °C-268°C, indicating the removal of
the coordinated water molecules (calcd 14.76%). Based on the TGA
curve, the desolvated framework starts to collapse above 310°C.
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Fig. 4. (a) Solid state fluorescent spectra of complex 1 recorded on an Agilent Cary Eclipse fluorescence spectrophotometer with gradually increase temperature from
30°C to 200°C (Aex = 300 nm, slits: 2.5 nm/5 nm); (b) Solid state fluorescent quench efficiency of complex 1 at the maximum emission with temperature changed from
30°C to 200°C (Aex = 300 nm, slits: 2.5 nm/5 nm); (c¢) Fluorescent spectra of TPB recorded with gradually change temperature from 100°C to 20°C; (d) Fluorescent
quenching efficiency of TPB and complex 1 in the temperature range from 20°C to 100°C.

3.2. Solid state fluorescent spectrum of complex 1

Initially, the solid state fluorescent of complex 1, TPB and Hacca were
recorded at room temperature. As shown in Fig. 3, Hycca exhibited a
broad weak emission upon excitation at 300 nm, while complex 1 and
TPB displayed relative strong emissions with a similar shape. More spe-
cifically, a characteristic emission band centered at 400 nm was observed
for complex 1 upon excited at 300 nm (Fig. 3, the red line), whereas a
similar emission centered at 360 nm was observed for TPB with the same
excitation (Fig. 3, the black line). Thus, complex 1 could be a linker-based
luminescence MOF [1]. The emission red shift of complex 1 compared
with that of TPB could be attributed to the effect of ligand-metal coor-
dination interactions [48].

3.3. Thermo-sensitive property of complex 1

As displayed in the structural description section, each TPB ligand
links four Zn(II) atoms to form a [Zn (TPB)],, two-dimensional (2D) layer
structure (Fig. 1¢), which is further linked by the cca® ligands to give
rise to the 3D cationic framework (Fig. 1d). Due to the flexible nature of
Hocca ligands, complex 1 exhibits a relative flexible framework which
lead to the disorder of cca®~ in complex 1 (Fig. 1b). Meanwhile, due to
the lone pair electrons in TPB served as the coordination sites, the
rotation of pyridine rings will not destroy the framework of complex 1. In
addition, according to the literature, flexible frameworks are more sen-
sitive to the physical or chemical stimuli [26,27]. Thus, in order to reveal
the potential temperature responsive property, the solid state fluorescent
spectra of complex 1 were recorded with gradually increase the ambient
temperature.

As shown in Fig. 4a, complex 1 exhibited remarkable fluorescent
response to the variation of temperature. The fluorescent emission
centered at 395 nm gradually quenched with the ambient temperature
changed from 30°C to 200°C. Interestingly, a noticeable peak shift from
395 nm to 420 nm was recorded in the fluorescent emission spectra with
the environmental temperature changed from 30°C to 70°C [49,50].
According to the TG analysis, the non-coordinated water molecules in the
channels of complex 1 were released before 100°C, which might lead to
the structure transformation and finally result in the emission red shift.
Further increasing the ambient temperature from 80°C to 200°C only
resulted in fluorescent quenching and no obvious shift was observed. In
addition, the fluorescent emission almost completely quenched when the
ambient temperature reached to 200°C, revealing the decay was domi-
nated by non-radiative processes at that temperature [51,52].

The maximum emission intensities of complex 1 were shown in
Fig. S3. The corresponding fluorescent quenching efficiency was ob-
tained by using the following equation: (Fo-F)/F [53] and the results
were illustrated in Fig. 4b. Non-linear fitting analysis for the fluorescent
quenching efficiency versus the temperature was performed. As shown in
Fig. 4b, the fluorescent quenching efficiency fitted well with the
non-linear equation: y = 0.9800-1.9791 x 0.9973% (R? = 0.9978, where
x represents the ambient temperature and y represents (Fo—F)/Fy), which
suggested that complex 1 might be used as a fluorescent thermometer
(Fig. S10).

3.3.1. Plausible mechanism for the sensitive thermal responsiveness

For comparison, the fluorescent emission spectra of TPB changed
from 100°C to 20°C were recorded. As displayed in Fig. 4c, the fluores-
cent intensity of TPB slowly enhanced with the ambient temperature
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Scheme 1. A possible mechanism for the enhanced thermal sensitivity of complex 1.
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Fig. 5. (a) Fluorescent spectra of complex 1 after dispersed in various solvents; (b) The maximum fluorescent intensity of complex 1 after dispersed in different

solvents (Aeyy, = 420 nm in water, Aoy, = 400 nm in DMF,

hem = 390 nm in other solvents, slits: 5 nm/5 nm); (c) PXRD patterns of the recycled complex 1; (d)

Fluorescent intensities of complex 1-H,O suspension (Aeym, = 420 nm) at different time after dispersed in water (insert, the enlarged view of fluorescent intensity

changes in 10 min).

decreased. The fluorescent quenching efficiency of TPB and complex 1 in
the temperature range from 20°C to 100°C were shown in Fig. 4d.
Apparently, the fluorescent quenching efficiency of complex 1 sharply
increased to 79% when the ambient temperature reached 100°C, while
the fluorescent quenching efficiency of free TPB ligands is below 20% at
that temperature. Thus, the thermo-sensitivity of TPB could be enhanced
by embedding into the framework of MOF. A possible mechanism to
rationalize these results is proposed in Scheme 1.

In the framework of complex 1, the TPB ligands displayed a specific
and uniform configuration (Scheme 1 and Fig. 1d) which will enhance
the sensitivity of thermal responsiveness, just as the proverb goes “united
we stand, divided we fall”. However, the free TPB ligands displayed a

random aggregation which would lead to low sensitive thermal respon-
siveness (Scheme 1).

3.4. Fluorescent sensing property of complex 1 in solvents

3.4.1. Solvents screening

In order to find suitable dispersion mediums for further sensing ap-
plications, the fluorescent spectra of complex 1 were recorded after
dispersed in different solvents. As shown in Fig. 5a, complex 1 suspen-
sions exhibited characteristic emission of complex 1 in solvents including
ethanol (EtOH), water (H,0), methalol (MeOH), tetrahydrofuran (THF),
ethyl acetate (EtOAc), dimethyl sulfoxide (DMSO), acetone, chloroform
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Fig. 6. (a) Fluorescent spectra of complex 1-H,O suspension (3 mL) with different concentration of acetone (Aex = 300 nm, slits: 5 nm/10 nm); (b) Fluorescent

quenching efficiency of complex 1-H;O suspension with different concentration of acetone (Aex =

(CHCl3), N-methyl-2-pyrrolidone (NMP), petroleum ether (PE), cyclo-
hexane (CY), N,N-dimethylformamide (DMF), dichloromethane (DCM),
dioxane (Diox), propanol, butanol, glycol. Although the fluorescent in-
tensity changed to some extent, no obvious emission shift was observed
for the above suspensions. However, a remarkable red shift from 390 nm
to 420 nm was observed when water (HoO) was used as the dispersion
medium (Fig. 5a, the black line). In addition, the fluorescent almost
completely quenched when acetone was used as the dispersion medium.

The maximum fluorescent intensity of the above suspensions were
recorded and displayed in Fig. 5b. Interestingly, strong fluorescent
emissions were observed both in water and organic solvents, which
suggested that complex 1 could be used in both hydrophilic and hydro-
phobic environments. In order to reveal the stability of complex 1 in
solvents, PXRD tests for those samples that recycled from acetone,
ethanol, EtOAc and water were performed. As shown in Fig. 5¢, PXRD
patterns of the recycled complex 1 match well with the simulated one
based on the single-crystal diffraction data, which confirming the good
stability of complex 1 in solvents (Fig. 5c).

The stability of complex 1-H20 suspension was further revealed by
recording the fluorescent spectra of complex 1 at different time after
dispersed in water. As displayed in Fig. 5d, the fluorescent intensity of
complex 1-H,0 suspension (Aem, = 420 nm) reached a stable level in less
than 2 min (Fig. 5d, insert), and no obvious change was observed after
dispersed for 1 h (Fig. 5d). In addition, the good fluorescent stability of
complex 1 in water was consistent with the structural stability that
revealed by the PXRD tests (Fig. 5c, the 1-H,O line).

3.4.2. Fluorescent detection of acetone in water

According to the solvent screening (Fig. 5a, d) and PXRD test (Fig. 5¢)
results, complex 1 displayed remarkable fluorescent quenching in
acetone and good fluorescent stability in water. In order to reveal the
potential application of complex 1 in the fluorescent sensing of con-
taminants in water, fluorescent titration experiments were performed.

Fluorescent spectra of complex 1-H;O suspension (3 mL) were
recorded with gradually addition of acetone. As shown in Fig. 6a, the
fluorescent emission of complex 1-H20 suspension gradually quenched
with the increasing of acetone concentration. Much to our surprise, a
noticeable fluorescent quenching has been observed for complex 1-H>0
suspension after treatment with 1 pL acetone (0.03 vol%), which
revealing the high sensitivity of complex 1 in the fluorescent sensing of
acetone. In addition, the fluorescent intensity of complex 1-H20 sus-
pension centered at 420 nm was recorded with gradually addition of
acetone (Fig. S4).

Correspondingly, the fluorescent quenching efficiency of complex 1-
H,0 suspension was calculated by using the equation: (Fo—F)/Fj. As can be
seen from Fig. 6b, the fluorescent quenching presented a “fast followed by
slow” trend. It is worth mentioning that the quenching efficiency have

300 nm, Aey, = 420 nm, slits: 5 nm/10 nm).

Fig. 7. Fluorescent intensities change of complex 1-H,O suspensions after
treatment with 50 uM various analysts (F/Fo, where F is the fluorescent intensity
of complex 1-H,O suspension after treatment with analyst and Fy is the fluo-
rescent intensity of complex 1-H;O suspension in the absence of analyst,
Aex = 300 nm, Ae, = 420 nm, slits: 5 nm/5 nm).

reached 63% with 100 pL acetone (3.2 vol%) and 95% with 100 pL acetone
(11.7 vol%), respectively. Quantitative relation analysis was performed and
displayed in Fig. 6b. Interestingly, the fluorescent quenching efficiency of
complex 1-H,O suspension versus the concentration of acetone fitted well
with the follow non-linear equation: y = 0.9515-0.9078 x 0.9893
(R? = 0.9978, where x represents the concentration of acetone and y rep-
resents the fluorescent quenching efficiency), which revealed that complex
1-H50 suspension could be used in the quantitatively sensing acetone in
water. In addition, the real-time fluorescent quenching sensing of acetone in
water could be explained with the inner filter effect (IFE) between complex
1 and acetone. As displayed in Fig. S5, the absorbance spectrum of acetone
well overlapped with that of complex 1. The excitation light would be
competitively absorbed by acetone and result in the sharp fluorescent
quenching of complex 1.

3.4.3. Fluorescent detection of metal ions in water

3.4.3.1. Selectivity study. With the above results in hand, the stable
complex 1-H,O suspensions were treated with various analytes (50 pM)
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treatment with different concentration of Al3+; (d) Fluorescent intensity changes of complex 1-H,O suspension (F/F,) after treatment with different concentration of

AP* (hex = 300 nm, Aey, = 420 nm, slits: 5 nm/5 nm).

including metal ions, explosives, paraquat, KMnO4 and KyCryO7 to
investigate their fluorescent responses. Fluorescent intensity change of
complex 1-H50 suspensions centered at 420 nm (F/Fy, where Fy repre-
sents the initial fluorescent intensity of complex 1-HyO suspension, F
represents the fluorescent intensity of complex 1-H»O suspension after
treatment with analyte) was recorded and displayed in Fig. 7 and
Fig. S11. As can be seen from Fig. 7, although the value of F/Fy changed
to some extent with the variation of anlaytes, no remarkable response
was observed for most of the analytes including explosives, Nat, K*,
Zn%t, cd?t, Co?t, Ni2t, Mg?t, Mn?t, Pb%*, Ag™, Sr**, Hg?t, KMnOy,
K2Cry07 and paraqute (F/Fy was approximately equal to 1.0). However,
noticeable fluorescent enhancements were observed for complex 1-H>0
suspensions after treatment with AR (F/Fo = 3.60), while remarkable
fluorescent quenching effect was observed after treatment with Cu®" (F/
Fo = 0.12). In addition, good selectivity was also observed in the inter-
ference experiment (Fig. S11).

3.4.3.2. Sensitivity study. In order to reveal the sensitivity of complex 1
in the fluorescent detection Cu®>* and AI*" in water, fluorescent titration
experiments were carried out. Initially, fluorescent spectra of complex 1-
H,0 suspensions were recorded with gradually addition of Cu®*. As
displayed in Fig. 8a, the fluorescent emission of complex 1-H20 sus-
pension was gradually quenched with the increasing of Cu*" concen-
tration. Delightfully, remarkable fluorescent quenching has already been
observed for complex 1-H,O suspension after treatment with 0.67 pM
Cu*, revealing the good sensitivity of complex 1 in the fluorescent
sensing of Cu?*. Fluorescent intensities of the above complex 1-Hy0
suspension were recorded and displayed in Fig. S6. The corresponding
fluorescent quenching efficiency was calculated by using the following
equation: (Fo-F)/Fo. As shown in Fig. 8b, quick fluorescent quenching

was observed in the concentration range from 0.67 pM to 20 pM. And no
obvious quenching was observed with further increasing Cu?* concen-
tration to 100 pM. In addition, the fluorescent quenching efficiency
versus the concentration of Cu?" fit well with the nonlinear equation:
y = 0.8387-0.8157/(1+(x/4.6533)%51*%) (R? = 0.9742, where y repre-
sents the fluorescent quenching efficiency and x represents the concen-
tration of Cu®™).

Sensitivity of complex 1 in the fluorescence-enhanced detection of
AI*" was revealed by the fluorescence titration experiments. As illus-
trated in Fig. 8c, with the increasing of ions concentration, significant
fluorescence enhancements were observed. Interestingly, noticeable
fluorescent intensity change has already been recorded for complex 1-
H,0 suspensions after treatment with 1.33 uM AI**. The above notice-
able fluorescent responses revealed the high sensitivity of this method.
Fluorescent intensities of complex 1-Hy0 suspensions (Aeq, = 420 nm)
after treatment with different concentration of AI** were illustrated in
Fig. S8.

Correspondingly, the fluorescent intensity changes (F/Fy) of complex
1-H,0 suspensions were calculated. As can be seen from Fig. 8d, good
linear relationship was observed between the fluorescent changes (F/F)
and the ion concentration. More specifically, the linear concentration
range of AI*" ranged from 0 uM to 11.7 uM with a correlation equation of
y = 0.1312-x+1.0109 ®R? = 0.9965, where y represents the fluorescent
intensity change F/F, and x represents the concentration of AI**).

3.5. Plausible sensing mechanisms
According to previous reports, the paramagnetic Cu?" could engage

in the electron transfer process of ligands in MOFs due to its open-shell d-
orbitals (3d9) [54]. After treatment with Cu2+, the electron transfer
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between TPB ligands (TPB) would be inhibited and energy transfer be-
tween complex 1 and Cu?* might occur, which will lead to fluorescence
quenching. In order to confirm the energy transfer between complex 1
and Cu®" luminescence lifetime test for complex 1 in the absence and
presence Cu?>" were performed. As shown in Fig. S7, the lifetime of
complex 1 is about 2.46 ns. However, when Cu®" is added into complex 1
suspension, the lifetime of complex 1 reduced to about 1.31 ns. The
above results confirmed that energy transfer occurred between complex
1 and Cu?*, which would lead to fluorescence quenching [54]. In addi-
tion, it has been pointed out in previous literature that A1>* could make
energy transfer process more effective and lead to the fluorescent
enhancement [55]. In order to verify this possibility, the fluorescent in-
tensity of the free ligand (TPB) in ethanol were recorded in the absence
and presence of AI>*_ As shown in Fig. S9, the fluorescent intensity of TPB
obviously enhanced after treatment with AI**. Thus, fluorescent en-
hancements in the detection of AI** might due to more efficient energy
transfer from ligand to ligand occurred promoted by AI**.

4. Conclusions

A novel 3D fluorescent Zn-MOF (complex 1) has been rationally
designed and its multipurpose applications have been revealed. The
structure of complex 1 was fully characterized by XRD, TG, FT-IR and
PXRD analysis. Complex 1 exhibited strong fluorescent emission in both
solid state and in solvents. By embedding TPB into the framework, high
sensitive thermal responsiveness was observed in a wide temperature
ranged from 30°C to 200°C. Good nonlinear relationship was observed
between the fluorescent quenching efficiency and the ambient temper-
ature, which suggested that complex 1 might be used as a quantitative
fluorescent thermometer. Besides, stable complex 1-H,0 suspension was
obtained and used in the real-time fluorescent sensing of acetone in water
with an experimental detection limit of 0.03% (vol. %). Moreover,
complex 1-H,0 suspension exhibited promising potential in the fluo-
rescent enhancement sensing of Al** and fluorescent quenching sensing
of Cu?" in water with good selectivity and sensitivity. In addition, the
proposed method might be used as a general methodology for the
preparation of luminescence MOF thermometers.
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