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Experimental Section

Materials and measurements

All reagents and solvents were purchased from commercial suppliers and utilized without
further purification. The 4—carboxyphenylphosphonic acid (H;pbc) was obtained as described in
the literature.! Elemental analyses (C, H and N) were performed on a PE—2400 elemental analyzer.
IR spectra were measured using a Bruker AXS TENSOR-27 FT-IR spectrometer from 4000 to
400 cm™'. Thermogravimetric analyses (TG) were performed using a PerkinElmer Pyris Diamond
TG-DTA thermal analyses system in the range of 501250 °C with a heating rate of 10 °C min'.
Powder X-ray diffraction (PXRD) pattern was conducted on a Bruker AXS D8 ADVANCE
diffractometer with Cu Ka radiation. UV—vis spectra were measured on a Lambda 35
spectrophotometer. Luminescent spectra were measured using a HITACHIF-7000
spectrofluorimeter. Luminescent lifetime was recorded on a HORIBA Scientifc FluoroMax—4
TCSPC spectrofluorometer. X-ray photoelectron spectra (XPS) were recorded on the Thermo
SCIENTIFIC ESCALAB 250Xi photoelectron spectrometer. The highest occupied molecular
orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energy levels of Hzpbc
ligand and BP were calculated by the DFT method at the B3LYP/6-31G(d) level in the Gaussian
09 program package.? The triplet—state (T;) level of Hspbe ligand was calculated by the TD-DFT

method at the B3LYP / 6-31G* (d) level in the Gaussian 09 program package.
X—ray crystallography

Data collections for Zn—CP were achieved on a Bruker AXS Smart APEX II CCD X-
diffractometer with graphite-monochromated Mo Ka (4 = 0.71073 A) at 296(2) K. The SHELX—
2018 program was used to solve the structures by direct methods and refined on F? by full-matrix
least—squares methods.? All non—H atoms were refined with anisotropic thermal parameters. The
H atoms except those of water molecules were generated geometrically with fixed isotropic
thermal parameters. A summary of the crystallographic data and refinement parameters are listed

in Table S1. Bond distances and angles of Zn—CP are provided in Table S2.



Luminescent sensing experiments

Owing to BP is soluble in ethanol but insoluble in water, and the components in urine are
soluble in water, the recognition system is carried out in mixed solvent (Vgon / Voo = 1: 1). Thus,
as for the sensing experiments of common urine chemicals, 2.0 mg of Zn—CP or Tb**@Zn—-CP
powder was immersed into the mixed solvent (Veon / Vo = 1: 1, 3.0 mL, 1.0 x 102 M),
including different urine chemicals of KCI, NaCl, NH,4Cl, Na,SO,, urea, glucose (Glu), and BP,
followed by ultrasonication for approximately 15 min, and then obtained the stable suspensions.

Luminescent spectra of the suspensions were collected.
Luminescent titrations of BP

The luminescent spectra of the Zn—CP suspensions (2.0 mg Zn—CP in 3.0 mL deionized water
after treating by ultrasonication for 15 min) were measured in situ after incremental addition of
freshly prepared BP solutions (0-0.741 mM). After each addition, the luminescent spectrum of the
suspension was monitored. Zn—CP shows a linear tendency in the quenching process, the
luminescent quenching efficiency can be quantitatively explained by the linear Stern—Volmer (S—

V) equation (1), and the limits of detection (LODs) were calculated by the equation (2):

lfr=1+kK,lc] O

LOD = 3—6

Se)
where K, is the quenching constant (M™! ), [C] is the molar concentration of quencher (BP), I,
and / are the luminescent intensities before and after addition of BP, respectively. ¢ is the standard
deviation and S is the slope of the obtained fitted line.

The luminescent spectra of the Th3*@Zn—CP suspensions (2.0 mg Th*@Zn—CP in 3.0 mL
deionized water after treating by ultrasonication for 15 min) were measured in situ after
incremental addition of freshly prepared BP solutions (0—1.1 mM). After each addition, the
luminescent spectrum of the suspension was monitored. Th3*@Zn—CP shows a linear tendency in
the quenching process, the luminescent quenching efficiency can be quantitatively explained by

the linear Stern—Volmer (S—V) equation (3), and the limits of detection (LODs) were calculated by

the equation (4):
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where SD is the standard deviation of replicate detection of blank solutions (N = 10), F' is the
relative luminescent intensities (I /I1,), Fo is the average of F and S is the slope of the linear

relationship in Fig. 6b.
Sensitivity experiments in real urine

For the sensitivity study of BP detection in real urine samples, the real urine system with
different concentrations of BP was measured based on the above sensing methods. 1ml of human
urine needs to be diluted 1000 times through the mixed solution to obtain the solution to be tested,
435 and then 2.0 mg of Zn—CP or Tb>*@Zn—CP powder was simply immersed into the 3.0 mL
urine solutions treated by ultrasonication for approximately 15 min.

Recyclable luminescence experiments

The solid powder of Zn—CP after sensing BP was centrifuged for 10 minutes, then wash the

solid powder three times with mixed solutions (Vo / Vo = 1: 1), filter and dry, and then the

sample is used for the next cycle experiment. The same operation is performed five times.
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Fig. S2. Coordination mode of the Hpbc?~ ligand in Zn—CP.
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Fig. S7. PXRD spectra of Th**@Zn—CP immersed in mixed solutions (Veion / Vizo = 1: 1) with
different pH for 24h.
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Fig. S25. PXRD patterns of Zn—CP and Tb3*@Zn—CP immersing in real urine systems.
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concentrations in simulated urine systems.
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Table S1. Crystal data and structure refinements for Zn—CP.

Compound Zn—-CP
Formular C24H2oN,012P2Zn,
Fw 723.11
Crystal system Triclinic
Space group Pl

a/A 8.296
b/A 12.679
c/A 13.303
al® 75.45
pr° 85.77
y/° 80.51
VIR’ 1335.25
VA 2
wmm™! 1.799
Reflections collected 8320

Independent reflections
Completeness to theta
Goodness—of—fit on F?

Ry, WR> [I226 (D)]
R;, wR; (all data)

5971 [Rin = 0.0128]
99.5%
1.045

0.0273, 0.0650
0.0363, 0.0686

Ry =X (IFolHFcl) /Z [Fol; wRy = [Zw ([FolHFc)? /Zw Fo?] 2.

22



Table S2. Selected bond lengths (A) and angles (°) for Zn—CP.

Zn(1)-0(6)#1 1.9592(15)
Zn(1)-0(1) 1.9648(15)
Zn(1)-0(7) 2.1148(16)
Zn(1)-N(1) 2.125(2)
Zn(1)-N(2) 2.138(2)
Zn(2)-0(4) 1.9285(15)
Zn(2)-0(2) 1.9372(15)
Zn(2)-0(3)#2 1.9507(14)
Zn(2)-0(5)#3 1.9808(15)
P(1)-0(6) 1.5042(15)
P(1)-0(4) 1.5240(15)
P(1)-0(5) 1.5409(15)
P(2)-O(1) 1.5123(16)
P(2)-0(2) 1.5240(16)
P(2)-0(3) 1.5297(15)
0(6)#1-Zn(1)-0(1) 115.94(7)
0(6)#1-Zn(1)-0(7) 97.62(7)
O(1)~Zn(1)-0(7) 91.57(7)
0(6)#1-Zn(1)-N(1) 95.53(7)
O(1)~Zn(1)-N(1) 92.68(7)
O(7)-Zn(1)-N(1) 162.74(7)
0(6)#1-Zn(1)-N(2) 116.41(8)
O(1)-Zn(1)-N(2) 127.31(8)
O(7)-Zn(1)-N(2) 87.21(7)
N(1)-Zn(1)-N(2) 76.93(8)
0(4)-Zn(2)-0(2) 113.35(6)
O(4)-Zn(2)-0(3)#2 113.52(6)
0(3)#2-Zn(2)-O(5)#3 109.30(6)
O(4)-Zn(2)-O(5)#3 112.53(6)
0(2)-Zn(2)-O(5)#3 99.34(6)
0(2)-Zn(2)-0(3)#2 107.79(6)

Symmetry transformations used to generate equivalent atoms: #1 x+1,y, z ; #2 —x+1, —y+1, —z+2;
#3 —x, —y+1, —z+2.
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Table S3. ICP analyses for Zn-CP and Tb**@Zn-CP.

Samples Amount of Zn>* (%) Amount

(%0)

of Tb3*

Zn-CP 8.95

Tb*@Zn-CP  7.58

5.12

Table S4. Comparison of the proposed sensor for BP detection with other methods.

Methods Analyte K ™M LOD Refs.
LC-MS/MS BP - 2.35ng L-! [S6]
MIP-GCE BP - 10 nM [S7]
GC-MS BP - 0.5ng L! [S8]
GC-MS» BP - 2 pg kg! [S9]
HPLC-UV BP - 0.017 mg L! [S10]
HPLC-UV BP - 0.046 mg L"! [S11]
Luminescent sensing BP 6.67 x 103 1.81 uM [S12]
Luminescent sensing BP 1.57 x 104 4.67 uM This work
Ratiometric luminescent sensing BP 0.76 x 103 10.1pM This work

Table S5. Luminescent lifetimes of Zn—CP and Tbh**@Zn—CP suspensions before and after

sensing of BP.
Materials T (n8)- Aey = 322 nm / 343 nm T (MS)- Aeyy = 551 nm
Zn—CP 0.409 ns -
Zn—-CP+BP 0.421 ns -
Tb>*@Zn-CP 0.379 ns 1.56 ms
Tb3>*@Zn-CP+BP 0.299 ns 1.51 ms
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