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One-Dimensional Uranyl Carboxyphosphonate Coordination
Polymer for Highly Sensitive and
Selective Detection of Fe’* ion in Aqueous Media

WEN Gehua', XUE Jingyi
(College of New Energy and Materials Engineering
Shanxi University of Electronic Science and Technology , Linfen 041000, China)

Abstract A one-dimensional uranyl carboxyphosphonate coordination polymer, (UO,) (2-pmbH,) , (1) , was
synthesized from 2-pmbH, ligand and uranyl ions. In this structure, phosphonate groups bridge uranyl ions through
two oxygen atoms to form one-dimensional chain, with protonated carboxyl groups and phosphonate oxygen atoms
orderly distributed on both sides of the chain backbone. Interchain hydrogen-bond interactions form a supramolecular
network. Furthermore, compound 1 exhibits high water stability (stable at pH=1—12) and good luminescent
properties (quantum yield QY=14.1%). Fluorescence analysis of compound 1 in various metal ion aqueous solutions

=524

em

revealed that only Fe’ can induce >95% quenching efficiency for its strongest characteristic emission peak (A
nm) , demonstrating remarkable selectivity. By establishing a quantitative relationship between Fe’* concentration

and fluorescence intensity of compound 1, the sensing material shows a good linear response (R>=0.99) in the low
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concentration range (0—0.04 mmol-L™") with a low detection limit (3.67x107" mol/L). Therefore, due to its unique

molecular structure, good luminescent properties, high water stability, as well as its high selectivity and sensitive
quenching response toward Fe® ions in aqueous solutions, compound 1 demonstrates great potential as a sensing
material for the detection of metal ions.

Keywords Uranyl carboxyphosphonate coordination polymer; Luminescence; Fe’*; Metal ions detection
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Scheme 1 Preparation procedure of compound 1
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Fig. 1 PXRD patterns of simulated and synthesized sample of compound 1(A) and TG curves of compound 1(B)
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Fig. 2 Structure unit of compound 1(A), 1D chain structure of compound 1(B), hydrogen bonding interaction

of compound 1(C) and 3D supermolecular structure of compound 1(D)

Symmetric codes for compound 1: A I+x, y, z; B: 1 —x, 2y, —2z; C: 2—x, 2y, —z
22 UEMIBESLMER

M el i I R F(R)=(1 - R)2RFARFTF U0, (Ac),* 2H,0 FALA M) 195 5h-nl WL i

JEi (1884, WASCHAEE). ALEY 125 H IR 315 nm oy LGB 8, JX V& T A ARIE R
AL A LA T I Bl e P A P -4 i P 5 A (LMCT) BRAT, DA LAZA 410 nm Ry HRo0 g sty , 0 UH &
F Laporte Z58H#Y O, —U LMCTERAT , -5 A5t MC (57 3 5 1y ML 8L F) U S A A 245 g A O ! %Hﬂi%@ﬂﬁ%é/*%
T H R LR GG XIS AR &, BIFE 450~650 nm 36 ] P4 o] RS £ 1148 5k S F5 TR (14 & S i
P55 5 7 S5 IR 3 98 207 3l (LUMO) 5 dsesy i 6 2073 (HOMO) [1] /Y H 7~ BRI TE)E’
S,1-So0 F1 8,475, (v—0~4) AIBEDRERIT I FE . 2R TFASZ BT A A Bl I I R P 57 2% -5 T E AT LR )
FHIE ATy, X5 Al 5 5 O P LA R R 5 0 QA A G, P FAE S 1, 1315 nm Uk F
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Fig.3 Photoluminescence spectra of compound 1 at 315 nm excitation(A), the color coordinates of

compound 1(B) and the digital images of compound 1 under 365 nm irradiation(C)
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Co™, Mn™, Sr™, V¥, A", Fe' ) 1 mmol-L"' & J& Eh VAW, 75 A0 P 2 h i PR 15 2] 531 (40 kHz,
250 W), LL2 mLEEFKRERZ AT . 88 1 a0 S (E 315 nm #0%). il E4(A) ]
FIE7R, 7E450~600 nm 3G FE P, BG4 4 6600 e B0 AR TR A9 Bl e 2 e & S0, B I ss 31 B 8 1
W R BB AR S . X SEIR 5 R — 2D i KB, BE S LA 4 & 2+ (Li*, Na', K*, Ca™, Mg,
Ba™, Ni*", Fe*, Co™, V¥, AI")ERVATUG M55 I A & i I AR AL FR FE /N, A S, Mn® 8 1
VS TUG DGR A — B R RRAG, N Fe™ B FIRE LA W 1 DGR & A S RIFEAR, 2661
PSP, KIALA Y 10 Fe B TRt = T H e &R K 4(B) 1.
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Fig. 4 Fluorescence spectra of compound 1 in different metal ion solutions(A) and the relative fluorescence

intensities(524 nm) of compound 1 in aqueous solutions of different metal ions(B)
R TSR Fe® W BE S AL G 1 SR B B C R, TN Fe I (0~300 plL, WU B
1 mmol/L) 351 28 2 mLALS W) 1 B0 . AR, WlEIS(A) JFR, 30 Fe ik 8L &
1 R EIR B AR N, HAIRSHLPE ek . M Fe™ W B~ 0. 05 mmol/L I, 524 nm Ab o7 Bk
B R ICHRE R 24 T1. 97%; 24 Fe WM 0. 15 mmol/L i}, BRI T[4 97. 10%, JLF5E 20K,

Chem. J. Chinese Universities, 2025, 46(12), 20250165 20250165(110/114)



Jd B3 s Ky ¥R
Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES

PERK R R A 2K >95% , %45 TR WA A4 1 TERI K B M L 19 Fe? i 7 1 HAT 10 B A e Rk
& F Stern-Volmer J5 2 1/1 — 1=K ¢ K% 5L Fe* X AL-E W) 1 0GR KRR FERS ) Horp 1 ik &9 1
FE KB W 0 B R R B U6 5 B (A,=524 nm) , TR Fe™ J5 () SERT 28 658 B, ¢ WA Fe™ 1k
FE (mmol/L) , K AR AR LM R REE . [ 5(B) s, RN (0~0. 04 mmol/L) IX.
[N, AEB P LI IEHE IR (/] - 1) 5 Fe Ve J3 5 A = I 2R MR AH DG (R*=0. 99) , X — IR A5 &
Stern-Volmer Jy FEFEARME BT B IR 7oA, B EHE K G282 B Sh AR JCRRAE . SRIM , 7126 B Rl Y
IR LR 58 K PG, X R W K o Bl RE 5 K Z R HLH o RIE A . (k& 1B K R
4. 11x10* L/mol, KR (LOD) A 3. 67107 mol/L (44 )73k WA SC T (5 8., RN Fe* B H IR
B (EAR—FR00E, LAY LAEXT Fe K I (14 BE J THT 0 8 Bk 22 i 0 4 J AN R CPs (RS54, LA
SRR, I AN 4 8 B T G TN S5 R, fb A 1 RERSFE KA P s e L =
TR IR () Fe™. 285 3 OK PR 75 I B O Ab B . HDeai BEA7 n] 1 &2 21 JE A 19 93%,
EBALE AP 1RGN Fe™ B 1 1A RAFIIEERREME (1S9, WAL #EFRD).
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Fig. 5 Emission spectra of compound 1 with different concentrations(a—p: 0, 20, 40, 60, 80, 100, 120, 140,
160, 180, 200, 220, 240, 260, 280, 300 L) of Fe** solution(A) and fluorescence Stern-Volmer equation
and the linear relationship of 7,/I —1 with Fe** concentration(B)

Inset in (A) : corresponding luminescence photograph of compound 1 immersed in Fe** solution) ; Inset of (B) : partly

enlarge picture.
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SEM o3 el BH B T A AR S R A . T Fe B UV/Vis SYCIE W 5 U0, B9 R e A AR R iy
0 R RCA R B P a UL, IR T AP AR T RGE H 2 T B RO R A &
SR B U K . A T HRAL A 1S Fe B T2 BIMAH BAE T, #5477 EDS mapping 3258 . 11
FEI6(A)FIR, 45 RF FeX B FAEAL-EY 1 10 _E R HE 534045 (I S10, WA H(EB).

IEAh, it PXRD AR Xt HAREAE A o8 . — i, A9 1 aEE B T HES A e i i1
AR R A RS R 2R T, A8 Z e A EAE T, (H R B3R 10 5 A n BB VE M8 A I T PR 07 A5,
HreEA . HIL, FTEXt Fe SAY 1 Z RIMAHEAERIE T8 . SA9 109 PXRD EIAH L,
Fe™ B T 0 75 b PR SRR i 1) XRD B H 62 F 9. 82° 49 (010) i T AT S 06 728 Sy 2 A, 43 552 F
9.43°F19.82°[EI6(A) ], BI(010) &b AT 5 0 ) AR AR BE RS By, R WA — 5843 19 (010) & 18 5] FE 2 13
K, MHEATHERARE A B, X TGRS H T Fe™ B 75 A UM FI/E A o] BEZE PR 9 (010) &) I 1)
a5k, S5AEW IR EAHLLEI 6(B) |, RERMFRILHR ShE B A 281k, T LB HERR Fe' 5 ¥R IR B L
A ERERLNL . AT 3256 om ™ AR ACIAESE 5 X N T SRS A 1 O—H g, M7 T 3351 em™ ZbWE IS UE ]
TSR T B O—H B, X Wiz Je LG 1 AR L TE Fe® B FUE TR 7= , (i SR B3R T
AT GRS SR . AT 1401 em AL AYIR R O—H 19725 198 2 0 B 5 A 2 N6 (1385 F1 1401 em™) [
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Fig. 6 SEM images and P, Fe elements EDS mapping of compound 1(A), PXRD patterns of compound 1
before and after soaked in the Fe* solutions(B) and IR spectra of compound 1 before and after

soaked in the Fe* solutions(C)
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and compound 1(A) and orbital electron

transfer from UO,* to Fe*, inducing non-radiative transition(NRT) and corresponding schematic

diagram of luminescence quenching(B)
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