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Figure S1. Top: particle size distribution diagram of Et-bpy-PMO@Si0,; the PMO shell thickness
distribution diagrams before (middle) and after etching SiO» core (bottom).

Table S1. Physicochemical properties of the PMOs studied in this research.

Sample Seer (m?/g)  Vp(em¥/g)  Dp(nm)
HEt-bpy-PMO 848 0.51 2.48
HEt-bpy-PMO@EuCl; 711 0.46 2.40
HEt-bpy-PMO@TbCls 787 0.47 2.41
HEt-bpy-PMO@Eu_phen 630 0.38 2.44
HEt-bpy-PMO@Tb_phen 604 0.36 2.40
HEt-bpy-PMO@Eu(tfac)s 711 0.43 2.43
HEt-bpy-PMO@Tb(tfac); 735 0.41 222
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Figure S2. Thermogravimetric analysis (TGA) curves of HEt-bpy-PMO@LnCl3(Ln = Eu, Tb).
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Figure S3. Left: excitation spectrum of HEt-bpy-PMO (monitored at 430 nm). Right: emission

spectrum of HEt-bpy-PMO (excited at 365 nm).
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Figure S4. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@ZEuCls, right:
combined excitation-emission spectrum of HEt-bpy-PMO@EuCl; in water suspension (1 mg/1 mL).
Inset: photo taken when placing the sample under the UV lamp at an excitation wavelength of 302
nm. The emission spectra were recorded when exciting into the maximum of the broad ligand band

and the excitation spectra were monitored at the >Do—’F; transition peak.

Table S2. Assignment of peaks labeled in Figure S4 (HEt-bpy-PMO@EuCl; in solid-state).

Label Wavelength (nm) Transitions

Excitation

a 315 ¥
Emission

b 579 SDo—"Fo

c 591 SDo—"Fi

d 617 SDo—F

(§ 653 5Do—>7F3

f 700 SDo—"Fs4
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Figure S5. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@TbCls, right:
combined excitation-emission spectrum of HEt-bpy-PMO@TbCl; in water suspension (1 mg/1 mL).
Inset: photo taken when placing the sample under the UV lamp at an excitation wavelength of 302

nm. The emission spectra were recorded when exciting into the maximum of the broad ligand band
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and the excitation spectra were monitored at the SD4—Fs transition peak.

Table S3. Assignment of peaks labeled in Figure S5 (HEt-bpy-PMO@TbCI; in solid-state).

Label Wavelength (nm) Transitions
Excitation
a 316 T
Emission
b 489 ’Ds—"Fs
C 545 5D4—>7F 5
d 585 SDs—"F4
e 621 SDs—"F3
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Figure S6. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@ZEu_phen,
right: combined excitation-emission spectrum of HEt-bpy-PMO@Eu_phen in water suspension (1
mg/1 mL). Inset: photo taken when placing the sample under the UV lamp at an excitation
wavelength of 302 nm. The emission spectra were recorded when exciting into the maximum of the

broad ligand band and the excitation spectra were monitored at the Do—F; transition peak.



Table S4. Assignment of peaks labeled in Figure S6 (HEt-bpy-PMO@Eu_phen in solid-state).

Label Wavelength (nm) Transitions
Excitation
a 332 ¥
Emission
b 577 ’Do—"Fo
C 591 5D()—>7F1
d 617 5Do—>7F2
(S 650 3 Do—>7F3
f 700 SDo—"F4
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Figure S7. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@Tb_phen,
right: combined excitation-emission spectrum of HEt-bpy-PMO@Tb_phen in water suspension (1
mg/1 mL). Inset: photo taken when placing the sample under the UV lamp at an excitation
wavelength of 302 nm. The emission spectra were recorded when exciting into the maximum of the

broad ligand band and the excitation spectra were monitored at the >D4s—Fs transition peak.

Table S5. Assignment of peaks labeled in Figure S7 (HEt-bpy-PMO@Tb_phen in solid-state).

Label Wavelength (nm) Transitions

Excitation

a 316 e
Emission

b 489 ’Ds—"Fs

C 545 5D4—>7Fs

d 585 SDs—"F4

e 621 SDs—"F3
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Figure S8. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@ZEu(tfac)s,

right: combined excitation-emission spectrum of HEt-bpy-PMO@ZEu(tfac); in water suspension (1

mg/1 mL). Inset: photo taken when placing the sample under the UV lamp at an excitation
wavelength of 302 nm. The emission spectra were recorded when exciting into the maximum of the

broad ligand band and the excitation spectra were monitored at the >Do—"F, transition peak.

Table S6. Assignment of peaks labeled in Figure S8 (HEt-bpy-PMO@Eu(tfac)s in solid-state).

Label Wavelength (nm) Transitions
Excitation
a 315 T
Emission
b 579 >Do—"Fo
C 591 5D0—>7F 1
d 617 SDo—"F2
e 652 SDo—"F3
f 700 SDo—"F4
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Figure S9. Left: solid-state combined excitation-emission spectrum of HEt-bpy-PMO@Tb(tfac)s,
right: combined excitation-emission spectrum of HEt-bpy-PMO@Tb(tfac)s; in water suspension (1
mg/1 mL). Inset: photo taken when placing the sample under the UV lamp at an excitation
wavelength of 302 nm. The emission spectra were recorded when exciting into the maximum of the

broad ligand band and the excitation spectra were monitored at the >D4s—Fs transition peak.



Table S7. Assignment of peaks labeled in Figure S9 (HEt-bpy-PMO@Tb(tfac)s in solid-state).

Label Wavelength (nm) Transitions

Excitation

a 316 ¥
Emission

b 489 ’Ds—"Fe

C 545 5 D4—>7F5

d 585 SDs—"Fs4

e 621 SDs—"F3

Table S8 The maximum of the ligand band of studied materials in the excitation spectra.

Sample Wavelength (nm)
solid state colloidal suspension
HEt-bpy-PMO@EuCl; 315 310
HEt-bpy-PMO@TbCl; 316 312
HEt-bpy-PMO@Eu_phen 332 310
HEt-bpy-PMO@Tb_phen 316 310
HEt-bpy-PMO@ZEu(tfac); 315 309
HEt-bpy-PMO@Tb(tfac); 316 313
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Figure S10. Left: decay profile of HEt-bpy-PMO@EuCl; sample in solid-state form, right: decay
profile of HEt-bpy-PMO@EuCI3 sample in suspension. The decay times were recorded when

exciting into the maximum of the broad ligand band and monitoring at the *Do—’F transition peak.
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Figure S11. Left: decay profile of HEt-bpy-PMO@TbCI3 sample in solid-state form, right: decay
profile of HEt-bpy-PMO@TbCI3 sample in suspension. The decay times were recorded when
exciting into the maximum of the broad ligand band and monitoring at the *D4—’Fs transition peak.
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Figure S12. Left: decay profile of HEt-bpy-PMO@Eu_phen sample in solid-state form, right: decay
profile of HEt-bpy-PMO@Eu_phen sample in suspension. The decay times were recorded when

exciting into the maximum of the broad ligand band and monitoring at the SDo—F transition peak.
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Figure S13. Left: decay profile of HEt-bpy-PMO@Tb_phen sample in solid-state form, right: decay
profile of HEt-bpy-PMO@Tb_phen sample in suspension. The decay times were recorded when

exciting into the maximum of the broad ligand band and monitoring at the Ds—"F’s transition peak.
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Figure S14. Left: decay profile of HEt-bpy-PMO@Eu(tfac); sample in solid-state form, right: decay
profile of HEt-bpy-PMO@Eu(tfac); sample in suspension. The decay times were recorded when

exciting into the maximum of the broad ligand band and monitoring at the *Do—’F transition peak.
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Figure S15. Left: decay profile of HEt-bpy-PMO@Tb(tfac)s sample in solid-state form, right: decay
profile of HEt-bpy-PMO@Tb(tfac); sample in suspension. The decay times were recorded when

exciting into the maximum of the broad ligand band and monitoring at the Ds—"Fs transition peak.

Table S9 Luminescence decay times of studied materials (Tave = (A1T17+A2122)/(A1T1HALT)).

Sample 71 (ms) T2 (ms) Tave (IMS)
HEt-bpy-PMO@EuCl; solid 0.70 0.29 0.47
HEt-bpy-PMO@ZEuCl; suspension 0.52 0.23 0.34
HEt-bpy-PMO@TbCl; solid 0.67 0.12 0.42
HEt-bpy-PMO@TbCIl; suspension 0.47 0.06 0.24
HEt-bpy-PMO@Eu_phen solid 0.37 0.18 0.29
HEt-bpy-PMO@Eu_phen suspension  0.49 0.23 0.30
HEt-bpy-PMO@Tb_phen solid 0.45 0.11 0.30
HEt-bpy-PMO@Tb_phen suspension ~ 0.45 0.10 0.34
HEt-bpy-PMO@Eu(tfac)s solid 0.61 0.26 0.48
HEt-bpy-PMO@ZEu(tfac)s suspension ~ 0.39 0.18 0.29
HEt-bpy-PMO@Tb(tfac); solid 0.51 0.08 0.31
HEt-bpy-PMO@Tb(tfac)s suspension ~ 0.46 0.09 0.28




Table S10 Comparison between the proposed HEt-bpy-PMO@Eu(tfac)s and other reported porous
materials for sensing of Co?* and Cu?*.

Detection

Porous material Analyte i LOD (uM) Ref.
solution
Cu?* water 35.2
ePMO@Eu_PA |
- Co?* water 26.9
TH-PMO Cu?* acetonitrile/water  0.04 2
BRhPMO Cu?* ethanol/water 10 3
Tb-MOF Co?* DMF -— 4
MOF-525 Cu?* DMF 0.067 5
Cd-MOF-74 Cu?* water 78.7 6
COF Co?* water 0.00263 7
HEt-bpy-PMO@Eu(tfac) cu water 0.19 this work
-bpy- u(tfac is worl
124 ’ Co?* water 0.52
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Figure S16. Normalized luminescence intensity of HEt-bpy-PMO@ZEu(tfac); suspension treated
with different concentrations of (a) Cu?* and (b) Co?".
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Figure S17. Luminescence decay times of an aqueous suspension of HEt-bpy-PMO@ZEu(tfac);

observed at different concentrations of metal ions: (a) Cu?>" and (b) Co?".
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Figure S18. Luminescence emission intensity of HEt-bpy-PMO@Eu(tfac)s in the presence of a

single competing ion (black bars) and in the mixture of competing ions and Cu?" (a; orange bars)

and Co?" (b; red bars).
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Figure S19. PXRD patterns of HEt-bpy-PMO@TbCl3 after different treatment.
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Figure S20. (a) Luminescence spectra of HEt-bpy-PMO@Tb(tfac)s as dispersions in mixed organic

solvents (acetone / ethanol), (b) relationship between the I/Ip and acetone volume (the inset is the

relationship between the I/Io and the logarithm of acetone volume).
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Figure S21. Luminescence spectra of (a) HEt-bpy-PMO@Eu(tfac); and (c) HEt-bpy-

PMO@Tb(tfac)s as dispersions in mixed acetone / water solvents. (b) and (d): relationship between

the I/Iy and acetone volume.

Table S11 Comparison between the proposed HEt-bpy-PMO@Ln(tfac)s (Ln = Eu, Tb) and other
reported lanthanide porous materials for acetone sensing.

Porous material LOD (vol %) Ref.
DhaTab-COF-EulL 1% 8
[MexNHz ]2[(Eu)2(ofdp)2(DMF)(H20)]- 7H2O- DMF 7.4 % 9
Eu(BTC)(H20)-1.5H,0 3.75% 10
Eu(FBPT)(H,0)(DMF) 5% 11
Yb(BPT)(H,0)-(DMF); 5-(H20) 5% 12
[Eus(BPT)4(DMF),(H,0)s] 5% 13
HEt-bpy-PMO@Eu(tfac); 1% This work
HEt-bpy-PMO@Tb(tfac)s 1% This work
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Figure S22. Powder XRD patterns (left) and decay profiles (right) of HEt-bpy-PMO@ZEu(tfac); and
HEt-bpy-PMO@Tb(tfac); before and after acetone sensing treatments.
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Figure S23. UV-vis spectra of methanol, ethanol, isopropanol, n-butanol, acetone, DMSO and DMF.
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Figure S24. UV-vis spectra of HEt-bpy-PMO and HEt-bpy-PMO@Ln.



Given the importance of material stability in acidic and alkaline solutions for practical
applications, HEt-bpy-PMO@Eu_phen was selected as an example to do further experiments. We
recorded the luminescence spectra of HEt-bpy-PMO@Eu_phen in 11 solutions with different pH
values (using the same measurement parameters).

The recyclability was examined by cyclic detection of pH at pH 4.83 and 10.11. After each
treatment, the sample was centrifuged and washed with distilled water, and finally dried in an oven
at 80 °C. The luminescence spectra of the recovered samples (in solid state) were measured to
observe the luminescence intensity change (using the same measurement parameters).

Eventually, the final recovered sample was characterized by PXRD to evaluate the stability
of HEt-bpy-PMO@Eu_phen.
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Figure S25. (a) pH dependent luminescence of HEt-bpy-PMO@ZEu_ phen in solutions with pH
value ranging from 2.31 to 11.06. (b) normalized luminescence intensity I vs. pH plot. (c)
normalized luminescence intensity I vs. cycle times after pH treatment. (d) PXRD patterns of HEt-

bpy-PMO@Eu_phen before and after 5 cycles of pH sensing experiment.

DFT calculations

The ground-state electronic structure of 5,5'-Bis(triisopropoxysilyl)-2,2'-bipyridine ligand and
acetone were calculated at Density Functional Theory (DFT)'* level, employing the GAUSSIAN
16" software package, and using B3LYP'®!7 as functional and the valence triple-zeta 6-
31+G(d,p)'®!” as basis set. The ground state geometries were obtained in the gas phase by full
geometry optimization without any symmetry constrain; furthermore, the absence of negative
frequencies confirmed that the optimized geometries correspond to minima on the potential energy
surfaces. All structures were input using ArgusLab 4.0.2° The effects of solvation on the complexes
were considered using the Polarizable Continuum Model (PCM); the ground state geometries were



optimized in an acetone simulated electric field (&= 20.7) starting from the gas phase optimized

geometry.
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