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Table S1. Crystallographic Data collection and Refinement result for TOFTPTC.

TbFTPTC
chemical formula Ci144H72FsN4Os4Thg
formula weight 4248.41
temperature (K) 293(2)
wavelength (A) 0.71073
crystal system Monoclinic
space group C2/m
a(A) 18.814(4)
b(A) 27.119(5)
c(A) 18.985(4)

o (%) 90.00
B 92.25(3)
7 ) 90.00
V(A% 9679(3)
Z 2
density (calculated g/cm?®) 1.458
absorbance coefficient (mm!) 2.961
F(000) 4082

R (int) 0.1088
goodness of fit on F? 0.875
R1, wR2 [I>26(])]* 0.0458, 0.0952

R1, wR2 (all data)®

0.0806, 0.1049

R1 = X(|F,| - |F.]) /S|F|; WR2 =[Sw(|Fo|-|Fof?) /ZwF 22,




Table S2. The molar ratio of the starting Eu/Tb salt and that in EuTbi«FTPTC product calculated
by ICP analysis.

Sample The molar ratio of the The molar ratio of Tb/Eu salt
starting Tb/Eu salt calculated by ICP analysis
Tbo.9sEu0.0sFTPTC 0.95:0.05 0.9524:0.0476
Tbo.90Euo.10FTPTC 0.90:0.10 0.8913:0.1087
Tbo.soEu0.20FTPTC 0.80:0.20 0.8385:0.1615

Table S3. Quantum yields of LnFTPTC at room temperature.

Sample Quantum yield ®(%)
TbFTPTC 14.11
EuFTPTC 20.40
Tbo.osEug.osFTPTC 17.15
Tbo.0oEug.10FTPTC 18.31
Tbo.soEue.20FTPTC 19.81

Table S4. Comparing the performance of the LnMOF thermometers in terms of temperature range,

maximum relative sensitivity (Sm) and corresponding temperature (Tm).

MOF Range (K) (%S 12_1) Tm(K) Ref
Tbo.9931E00.0060DMBDC 50~200 1.15 200
Tbo.9954Eu0.004sDMBDC 50~200 0.61 200 1
Tbo.9989Eu0.0011DMBDC 50~200 0.52 200

Tbo.s0Eu0.50PIA 75~275 2.02 275 2
Eu0.00Gdo.osDSB 65~300 7.14 65 3
Tbo.957Eu0.043cpda 40~300 16 300 4
Tbo.gEugoL 40~300 0.15 300 5
[(Tbo.0382Eu0.0616)(bpcd)2(NO3)2]-Cl 25~200 0.34 200 6
Tbo.9sEug.osHL 4~300 31 4 7
Euo.0878Tbo.9122(TPT) 75~250 4.92 250 8
Tbo.osEuo.0sBTB 10~320 2.85 14 9
[(Tbo.914Eu0.086)2(PDA)3(H20)]-2H20 10~325 5.96 25 10

(MeaNH,)3[Eus(FDC)4(NO3)s]-4H,0 12~320 2.7 170
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Scheme S1. Synthesis of the organic ligand H4FTPTC applied to construct LnFTPTC.

Figure S1. (a) Coordination polyhedron of Tb3" ions; (b) the coordination environments of ligand
H4FTPTC with 30% thermal ellipsoids. Tb?*, green; O, red; C, grey; H atoms are omitted for
clarity.
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Figure S2. Powder XRD patterns of EUFTPTC, TbFTPTC and Eug.es Tho.osFTPTC.
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Figure S3. TG curves of TbDFTPTC.
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Figure S4. Excitation and emission spectra of the ligand H4FTPTC.
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Figure S5. Excitation and emission spectra of (a) ThFTPTC and (b) EuFTPTC.

— Tb,4EU,,,FTPTC

— Tb, ,Eu, ,,FTPTC w
~ ||— Th,Eu, ,FTPTC To
S @]
\C-U; Ie}
2
K7}
c
3
=

450 500 550 600 650 700

Wavelength (nm)

Figure S6. Emission spectra of TbixEuFTPTC.
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Figure S7. Schematic representation of the energy transfer from the H4FTPTC to Tb*" (°Ds4) and
Eu?* (°Dy) ions. (hv = energy absorption; S = singlet; T = triplet; ISC = intersystem crossing; ET =
energy transfer).

Figure S8. The optimized geometry of free ligands H4FTPTC. The molecular geometry
optimization and frequency analysis of HsFTPTC were performed using density functional theory
(DFT) at the B3LYP/6-31+G(d,p) level,'? and the optimized geometry was shown in Figure S8.
Based on the optimized result, the energy of the lowest triplet excited state (T1) of the H4FTPTC
were calculated to be 2.9801 eV (24037 c¢cm?) by the time-dependent DFT approach.® All
calculations were performed using Gaussian 09 software.!* It is necessary to note that
modification of organic ligands with fluorine atom can affect the Ty energy of the ligand. In our
work, we have demonstrated that modification of [1,1:4',1"-terphenyl]-3,3",5,5"-tetracarboxylic
acid with one atom can get a ligand H4sFTPTC with suitable T; energy for luminescent
Th/Eu-MOF applied in cryogenic temperature range. Since the strong electron-withdrawing
properties, it can be inferred that adding more fluorine atoms on the benzene ring of the
[1,1:4'1"-terphenyl]-3,3",5,5"-tetracarboxylic acid would increase the Ti energy to a too-high
level, which is not suitable for our mission.
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Figure S9. Emission spectra of (a) TOFTPTC and (b) EuFTPTC recorded between 25 and 300 K;
(c) temperature dependent normalized intensity ratio of Tb (°Ds—7Fs) and Eu (°D¢—’F>) for

TbFTPTC and EuFTPTC, respectively ; (d) Temperature dependence of the Dy lifetime for

TbFTPTC and Dy lifetime for EuFTPTC, respectively. (excited at 330 nm).
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Figure S10. Emission spectra of (a) Tbo.ooEug.10FTPTC recorded between 25 and 300 K; (b)
temperature dependent normalized intensity ratio of Tb*" (’Ds—"Fs) and Eu’* (°Dy—’F,) for
Thbo.ooEuo.10FTPTC.
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Figure S11. Emission spectra of (a) Tbo.goEuo20FTPTC recorded between 25 and 300 K; (b)
temperature dependent normalized intensity ratio of Tb (°Ds—7Fs) and Eu (*Do—’F») for
Thbo.soEuo20FTPTC.
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Figure S12. Powder XRD patterns of Eug.es Tho.osFTPTC (a) after cryogenic photoluminescence
measurements and (b) under room conditions for three months.
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Figure S13. Temperature-dependent intensity ratio of Tb*" (543 nm) and Eu*" (613 nm) and the
fitted curve for (a) Tho.ooEue10FTPTC and (b) Tbo.soEug20FTPTC.
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Figure S14. Temperature-dependent generalized relative sensitivity of Tho.osEug.osFTPTC.
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Figure S15. Temperature dependence of the relative sensitivity for Tho.goEuo.10FTPTC and
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Figure S16. Temperature dependence of the *D4 (Tb**, 543 nm) and Dy (Eu**, 613 nm) lifetime
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for (a) Tb0,9oEuo,10FTPTC and (b) Tbo,goEuo,zoFTPTC.
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Figure S17. Temperature dependence of energy transfer efficiency from Tb** to Eu®" of (a)
Tbo.9oEu0.10FTPTC and (b) Tho.soEug20FTPTC.
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