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Abstract Luminescent uranyl phosphonate coordination polymers have been used for temperature sensing but have not yet
been used for dual-response luminescence thermometers. Herein we report a luminescent uranyl phosphonate based on
2-(phosphonomethyl)benzoic acid (2-pmbH3), namely, (a-CsH12N)[UO2(2-pmb)] (1). This compound crystallizes in mono-
clinic space group C2/c and shows a layered structure. Within the layer, the uranyl ions are doubly bridged by O—P—O and
O—C—O0 unis forming chains. The equivalent chains are cross-linked through corner-sharing of UO7 pentagonal bipyramids
and POsC tetrahedra forming a layer. The adjacent U---U distances within the layer are 0.5414 and 0.5743 nm. The organic
groups of the 2-pmb’~ ligand reside on the two sides of the layer. The interlayer space is filled with the racemic protonated
phenethylamine cations to charge-balance the anionic layer. The shortest U---U distance between the layers is 1.239 nm.
Compound 1 exhibits high thermal and water stability, especially in aqueous solution at pH 5~11 and in boiling water. The
UV-Vis spectrum of 1 shows two broad bands peaking at 320 and 412 nm. The scalar-relativistic density functional calcula-
tions reveal that the two bands are associated with ligand-to-metal charge transfer (LMCT) transitions from ligand orbitals to
metal orbitals lower-fs (fzx2-y2)). Photoluminescence properties show that 1 emits green-light at room temperature with six
emission peaks at 481, 500, 516, 540, 564 and 591 nm, assigned to the electronic and vibronic transitions of Si1-Soo and
S10-Sov (v=0~4). Interestingly, both the emission intensity and the lifetime of compound 1 are temperature-dependent,
making it possible to be used as a dual-response luminescence thermometer in the temperature range of 200~360 K. The
intensity-dependent maximum sensitivity is 2.96%°K™' (330 K) and the lifetime-dependent maximum sensitivity is
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2.51%K"! (350 K), which are comparable to some lanthanide-based luminescent thermometers. This work provides a rare
example of uranyl coordination polymers that can be used as a dual-response luminescence thermometer with wide operating

temperature and good sensitivity.

Keywords uranyl phosphonate; temperature sensing; dual-response luminescence thermometer; luminescence intensity;

lifetime; relativistic density-functional theory
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Figure 1 (a) Building unit of structure 1; (b) inorganic layer in structure 1; (c) packing diagram of structure 1 viewed along the c-axis (hydrogen atoms
are omitted for clarity); (d) the a-CsH;,N molecules arranged in the channel between the layers, viewed along the c-axis; (¢) hydrogen bond interactions
between the protonated amino group of a-CsH;,N molecules and the phosphonate and uranyl oxygen atoms
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Figure 2 (a) TG-DSC curve of 1; (b) PXRD patterns of 1 after soaked
in aqueous solutions for 24 h at various pH and boiling water
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Figure 3 (a) Absorption spectrum of 1; (b) solid-state emission spectra
of 1
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edges of 1
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Figure 5 (a) Emission spectra of 1 recorded in the range of 80~420 K
(Zex=310 nm); (b) variation trends of emission peak at 516 nm (gray) and
corresponding quenching curve (yellow); (c) plots showing the relative
luminescence change (monitored at 516 nm) of 1 in the temperature range
of 200~360 K; (d) relative sensitivity of 1 in the 200~360 K range
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Table 1 Comparison of the performance of 1 with other lanthanide and uranyl coordination polymers

. Intensity Lifetime
Materials Temp. range/K Max.S, /(%K') Temp. range/K Max.S, /(%K) Ref.
Eu(bzac);(H,0), 83~303 5.25 (303 K) 233~303 1.35 (293 K) [10]
Eu(CPDKj.5)sphen 298~348 2.2 (298 K) 298~348 1.6 (348 K) [11]
Eu(tta);(pyphen) 83~325 1.98 (323 K) 258~323 1.68 (323 K) [12]
Tb,.Eu,FTPTC (x=0.05, 0.1, 0.2) 25~125 9.11 (125 K) 25~300 — [13]
(Yo.39Tbo.10Eu0,01)s(BDC)7(OH)4(H,0)4 288~573 1.69 (523 K) 288~573 ~1.5 (523 K) [14]
Euo¢Tb; 4Pt; 60~300 2.72 (263 K) 150~300 3.26 (239 K) [15]
Euo¢Tb; 4Pd; 60~300 2.78 (279 K) 150~300 3.04 (266 K) [15]
(UO,)1(1,3-pbp)(H20),°2H,0 93~293 1.96 — — [23]
[BTEAL[(UO,)x(1,3-pbpH,),F,] 93~293 1.546 — — [24]
[(UY'0,)4(UY0,)(1-0)4(H,0)4(BMBCP),]*NO; 77~197 — 77~197 — [30]
(UO,)(2-pmbHy), 120~300 0.9 (215K) — — [27]
(H;0)[(UO,),(2-pmb)(2-pmbH)] 100~300 2.16 (205 K) — — [27]
(H;0)[(UO,),(2-pmb)(2-pmbH)]-ns@PMMA 100~300 1.19 (205 K) — — [27]
1 200~360 2.96 (330 K) 200~360 2.51 (350 K) This work
Acta Chim. Sinica 2023, 81, 1311—1317 © 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 1315
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Figure 6 (a) Luminescence decay curves measured at various tempera-
tures (200~360 K) for 1 (Aen=>516 nm); (b) lifetime of 1 at different
temperatures; (c) relative sensitivity value S, calculated at different tem-
peratures; (d) the minimum temperature uncertainty calculated from the
sensitivity curve for 84/4=0.5%

3 g
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L IR 3RS 5 FLREE . @it PerkinElmer 240C JTE
MY C. H A N #8470 % 0¥, it Bruker D8
ADVANCE X T 28 RATH X (Cu-Ka) 3K 34 R X 2k
fT4H(PXRD)E, LL4MEHE 2 AE Bruker Tensor 27 Y
FAER KBr &SR, AE(TG) 7 M Mettler
Toledo TGA/DSC 1 X #%7E 30~600 °C i Py 217K,
BT, IHGERN 5 C/min. HLEHE & 255 Tk
(ICP)5E36 2 7E PE AvioS00 FiE(T. £4h1] JL(UV-vis)
YeiEAE PerkinElmer Lambda 950 £84h-7] W46t i
. AR EUR Y e il 2 70 T £ MK I e I 2
(80 ~ 420 K, Optistate DN2 Oxford) [ % Y Yt i 1%
(FLS1000, Edinburg) EiEf 7R, BT 722 (QY) 21
FLS-980 %%Y¢43 )¢ 1T (Edinburgh Instrument., U.K.)
R, SRS/ A 0.04 mm X 0.06 mm X 0.06 mm
I éA7E Bruker DS Metal Jet (Ga-Ka, 4=0.134139 nm)
AR AR, AR B 193 K.

42 EYM1HER

# 2-pmbH3 (0.0216 g, 0.1 mmol). UO2(NO3),*6H,0
(0.05 g, 0.1 mmol)~ R-B¥, S-a-CsH N (0.0363 g, 0.3 mmol)
A4 mL HO BRI LIGHN AT, SR IGEBEEAE
W R RN, 78 160 CHUAE RN 2 d, A EIE R,
B E YR AR, KPR 2B GE ST, Uk
FEdL, RN 69% (FET U). WREFF n(UOL(NO;s)e
6H,0) : n(2-pmbH;) : n(a-CsHioN) I S N4 57 1 & LA
1:1:3, 5% HO 7 F(4~16 mL)FIIEEE(90~160 C)
SR ET LAAS %A & 4. Anal. caled for Ci6H30,NPU: C
31.72, H 2.97, N 2.31; found C 31.34, H 2.92, N 2.26. IR
(KBr) v: 3273 (m), 3250 (m), 3120 (w), 3066 (w), 2978
(W), 2931 (w), 1581 (s), 1544 (s), 1446 (m), 1413 (m),
1244 (m), 1155 (m), 1101 (s), 1033 (s), 995 (s), 908 (s),
496 (m), 617 (m), 563 (m) cm™.
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