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Fig. S1 FTIR pattern for Zn-CP.

Table S1 Crystal data and structure refinement information for Zn-CP

polymer      Zn-CP

CCDC 

Formula

1882227

C3.43H2.29N0.86O0.29Zn0.1

4  

fw 69.40 

temp (K) 296(2)

cryst syst Tetragonal

Space group P43212

a(Å) 10.4340(10) 

b(Å) 10.4340(10)

c(Å) 20.752(5)

α = β = γ(˚) 90

V (A3) 2259.2(7) 

Z 28

ρ (Mg/m3) 1.428

Abs coeff (mm−1) 1.120

F (000) 992

GOF 0.924



R1/wR2 [I >2σ(I)] 0.0310/0.0687

R1/wR2 (all data) 0.0406/0.0730

Table S2 Selected bond lengths (A˚) and angles (◦) for Zn-CP 

Bond lengths (Å)

Zn(1)-N(2)#1 2.089(2) Zn(1)-N(2)#2 2.089(2)

Zn(1)-N(1)#3 2.104(2) Zn(1)-N(1) 2.104(2)

Zn(1)-O(1) 2.390(2) Zn(1)-O(1)#3 2.390(2)

N(2)-Zn(1)#4 2.089(2)

Bond angles (º)

N(2)#1-Zn(1)-N(2)#2 96.22(14) N(2)#1-Zn(1)-N(1)#3 142.64(9)

N(2)#2-Zn(1)-N(1)#3 94.05(11) N(2)#1-Zn(1)-N(1) 94.05(11)

N(2)#2-Zn(1)-N(1) 142.64(9) N(1)#3-Zn(1)-N(1) 99.21(14)

N(2)#1-Zn(1)-O(1) 91.01(9) N(2)#2-Zn(1)-O(1) 84.85(8)

N(1)#3-Zn(1)-O(1) 125.70(9) N(1)-Zn(1)-O(1) 59.10(8)

N(2)#1-Zn(1)-O(1)#3 84.85(8) N(2)#2-Zn(1)-O(1)#3 91.01(9)

N(1)#3-Zn(1)-O(1)#3 59.10(8) N(1)-Zn(1)-O(1)#3 125.69(9)

O(1)-Zn(1)-O(1)#3 173.81(11)



Fig. S2 Thermogravimetric curve of Zn-CP.

Fig. S3 PXRD patterns for Zn-CP: (a) simulated; (b) experimental; (c) 1 days after immersion in water; (d) 1 days 

after immersion in FeCl3 solution (e) 1 days after immersion in CoCl2 solution; (f) 1 days after immersion in NiCl2 



solution; (g) 1 days after immersion in CuCl2 solution; (h) 12 h after immersion in CH3OH; (i) 12 h after 

immersion in C2H5OH; (j) 12 h after immersion in acetone; (k) 12 h after immersion in CH2Cl2; (l) 12 h after 

immersion in DMF. PXRD pattern calculated from the single-crystal structure.

Fig. S4 PXRD patterns for Zn-CP at different temperatures, 120℃ (red line); 160℃ (green line); 180℃ (blue line) 
and the simulated one calculated from the single crystal structure analysis (black line).

Fig. S5 PXRD patterns for Tb3+@Zn-CP: (a) simulated of Zn-CP; (b) experimental of Zn-CP; (c) experimental of 



Tb3+@Zn-CP; (d) experimental of Tb3+@Zn-CP 12 h after immersion in FeCl3 solution; (e) experimental of 

Tb3+@Zn-CP 12 h after immersion in RuCl3 solution; (f) experimental of Tb3+@Zn-CP 12 h after immersion in 

KMnO4 solution; (g) experimental of Tb3+@Zn-CP 12 h after immersion in K2CrO4 solution; (h) experimental of 

Tb3+@Zn-CP 12 h after immersion in K2Cr2O7 solution.

Table S3 The detailed ICP studies of Tb3+@Zn-CP.

(a)



   

                   (b)                                       (c)

Fig. S6 The XPS spectra of Zn-CP and Tb3+@Zn-CP samples: (a) the survey spectrum, 

the high resolution XPS spectra of (b) Tb 3d, (c) Tb 4d, respectively.

Fig. S7 liquid-state luminescent spectra of modbc ligand (blue), Zn-CP (green) , Tb3+@Zn-CP (orange and navy) 

in 5 mM Tris-HCl/NaCl buffer (pH 7.0). slit width: 4 nm.



 

(a)

(b)

Fig. S8 Liquid-state luminescent spectra of Zn-CP upon excitation at about 312 nm (a) and Tb3+@Zn-CP upon 

excitation at about 330 nm (b) with different pH values (1.0~13.0) in H2O.



Fig. S9 Luminous intensity of Zn-CP upon different ions (Ru3+, Ag+, Cd2+, Zn2+, Pb2+, Ca2+, Mn2+, Cu2+, Co2+, 

Ni2+, Fe2+, Hg2+ and Fe3+) in 5 mM Tris-HCl/NaCl buffer (pH 7.0). [Zn-CP] = 10 μM and [ions] = 50 μM. λex: 312 

nm, λF: 395 nm, slit width: 4 nm.

Fig. S10 Luminous intensity of Zn-CP upon different ions (SO4
2−, PO4

3−, CrO4
2−, Cr2O7

2−, MnO4
−, I−, CO3

2−, 

HCO3
−, C2O4

2−) in 5 mM Tris-HCl/NaCl buffer (pH 7.0). [Zn-CP] = 10 μM and [ions] = 50 μM. λex: 312 nm, λF: 

395 nm, slit width: 4 nm.



Fig. S11 Luminescence quenching of Tb3+@Zn-CP in 5 mM Tris-HCl/NaCl buffer (pH 7.0) with gradual addition 

of 1 mM solution of Fe3+. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.

Fig. S12 Luminescence quenching of Tb3+@Zn-CP in 5 mM Tris-HCl/NaCl buffer (pH 7.0) with gradual addition 

of 1 mM solution of Ru3+. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.



   

Fig. S13 the Stern−Volmer plots of I0/I versus [Fe3+] and [Ru3+], respectively (insets: the related Stern−Volmer 

plots at low [Fe3+] and [Ru3+]. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.

Table S4. Comparison of the probes with literature reports for sensing Fe3+, Ru3+.

S. No Probe LOD (M) Ref

1 {[Cd(L)-(BPDC)]·2H2O}n probe

 {[Cd(L)(SDBA)(H2O)]·0.5H2O}n probe

2.21 ×10−6 for Fe3+

7.14 ×10−6 for Fe3+

S1

2 Zn-L-MOF probe 6.4 × 10−6 for Fe3+ S2

3 Zn(II)-based MOF probe 2 × 10−6 for Fe3+ S3

4 Ru probe 5.03 nm means 

0.51 ppb for Ru3+

S4

5 Europium-Based MOF probe 0.793× 10−6 for 

Fe3+

S5

6 {[Eu(Hdcppa)(H2O)2]·H2O}n probe 10−6 for Fe3+ S6

7 Tb3+@Cd-P probe 6.6 × 10−7 for Fe3+ S7

8 Cd-P probe 4.7 × 10−8 for Fe3+ S7

9 [Zn(modbc)2]n 0.57× 10−6 for Fe3+ This work

10 [Zn(modbc)2]n 0.27× 10−6 for 

Ru3+

This work
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Fig. S14 The relative fluorescence intensity of a 10 μM solution of Tb3+@ Zn-CP upon addition of 1.0 and 9.0 

equiv of Fe3+ in the presence of 9.0 equiv of background ions (Mn+). λex: 330 nm, λF: 390 nm, slit width: 4 nm.



Fig. S15 The relative fluorescence intensity of a 10 μM solution of Tb3+@ Zn-CP upon addition of 1.0 and 9.0 

equiv of Ru3+ in the presence of 9.0 equiv of background ions (Mn+). λex: 330 nm, λF: 390 nm, slit width: 4 nm.

 

                        (a)                                           (b)

Fig. S16 The variation of luminescent intensity of Tb3+@ Zn-CP at 390 nm with immersion time in 24 μM RuCl3 

aqueous solution (blue, a); with immersion time in 24 μM Fe(NO3)3 aqueous solution (olive, b).



Fig. S17 Luminescence quenching of Tb3+@Zn-CP in 5 mM Tris-HCl/NaCl buffer (pH 6.0) with gradual addition 

of 1 mM solution of Cr2O7
2−. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.

Fig. S18 Luminescence quenching of Tb3+@Zn-CP in 5 mM Tris-HCl/NaCl buffer (pH 8.0) with gradual addition 

of 1 mM solution of CrO4
2−. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.



Fig. S19 Luminescence quenching of Tb3+@Zn-CP in 5 mM Tris-HCl/NaCl buffer (pH 7.0) with gradual addition 

of 1 mM solution of MnO4
−. λex: 330 nm, λF: 390 nm, slit width: 4 nm. [Tb3+@Zn-CP] = 10 μM.

                         (a)                                           (b)
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Fig. S20 the Stern−Volmer plots of I0/I versus Cr2O7
2−, CrO4

2− and MnO4
− ion concentrations, respectively (insets: 

the related Stern−Volmer plots at low [Cr2O7
2−], [CrO4

2−] and [MnO4
−]. λex: 330 nm, λF: 390 nm, slit width: 4 nm. 

[Tb3+@Zn-CP] = 10 μM.

Table S5. Comparison of the probes with literature reports for sensing Cr2O7
2−, CrO4

2− and MnO4
−.

S. No Probe LOD Ref

1 [H2N(CH3)2]2[Zn2L(HPO3)2] probe 1.09 × 10−6 M for 

Cr2O7
2−

S1

2 {[Cd(L)-(BPDC)]·2H2O}n probe

 {[Cd(L)(SDBA)(H2O)]·0.5H2O}n probe

3.76×10−5 M for 

Cr2O7
2−

 4.86 × 10−5 M for 

CrO4
2−

S2

3 [Cd3{Ir(ppy-COO)3}2(DMF)2(H2O)4]·6 

H2O·2DMF probe

145.1 ppb for 

Cr2O7
2−

S3

4 [Tb2Ni3(HCAM)6(H2O)12] n probe 0.29 × 10−6 M for 

MnO4
−

S4

5 {[Ba3La0.5(μ3-L)2.5(H2O)3(DMF)]·(3DMF)} n 

probe

0.28 × 10−6 M for 

MnO4
−

S5

6 [Zn(modbc)2]n 0.43× 10−6 M for 

Cr2O7
2−

This work

7 [Zn(modbc)2]n 0.10× 10−6 M for 

CrO4
2−

This work

8 [Zn(modbc)2]n 0.15× 10−6 M for 

MnO4
−

This work
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Fig. S21 The relative fluorescence intensity of a 10 μM solution of Tb3+@ Zn-CP upon addition of 1.0 and 6.0 

equiv of Cr2O7
2− in the presence of 6.0 equiv of background ions (Mn+). λex: 330 nm, λF: 390 nm, slit width: 4 nm.

Fig. S22 The relative fluorescence intensity of a 10 μM solution of Tb3+@ Zn-CP upon addition of 1.0 and 6.0 

equiv of CrO4
2− in the presence of 6.0 equiv of background ions (Mn+). λex: 330 nm, λF: 390 nm, slit width: 4 nm.



Fig. S23 The relative fluorescence intensity of a 10 μM solution of Tb3+@ Zn-CP upon addition of 1.0 and 6.0 

equiv of MnO4
− in the presence of 6.0 equiv of background ions (Mn+). λex: 330 nm, λF: 390 nm, slit width: 4 nm.

 
                         (a)                                      (b)



    (c)

Fig. S24 The variation of luminescent intensity of Tb3+@ Zn-CP at 390 nm with immersion time in 24 μM Cr2O7
2− 

aqueous solution (a); with immersion time in 24 μM CrO4
2− aqueous solution (b); with immersion time in 24 μM 

MnO4
− aqueous solution (c).

Fig. S25 Color of Tb3+@Zn-CP dipped in KMnO4, K2CrO4, K2Cr2O7, FeCl3, RuCl3 solution by normal light and 

UV lamp.



Fig. S26 The XPS spectra of Tb3+@Zn-CP+MnO4
− samples: the survey spectrum and the high resolution XPS 

spectra of Mn 2p.

Fig. S27 The high resolution XPS spectra of O 1s of Zn-CP, Tb3+@Zn-CP, Tb3+@Zn-CP+Ru3+, Tb3+@Zn-

CP+Fe3+, Tb3+@Zn-CP+Cr2O7
2−, Tb3+@Zn-CP+CrO4

2− and Tb3+@Zn-CP+MnO4
− samples.



Fig. S28 UV–vis absorption spectra of Tb3+@Zn-CP with different concentration of MnO4
−. Solvent:

DMF/H2O (3/1, v/v), c: 10 μM for Tb3+@Zn-CP, from bottom to top, the equiv of MnO4
−: 0, 5, 10, 15, 20, 25,

30.

Fig. S29 UV spectra of Fe3+, Ru3+, CrO4
2-, Cr2O7

2-, MnO4
- in H2O; and Zn-CP, Tb3+@Zn-CP in DMF.



Fig. S30 The XPS spectra of Tb3+@Zn-CP+ Cr2O7
2− samples: the survey spectrum and the high resolution XPS 

spectra of Cr 2p.

Fig. S31 The XPS spectra of Tb3+@Zn-CP+ CrO4
2− samples: the survey spectrum and the high resolution XPS 

spectra of Cr 2p.



Fig. S32 UV–vis absorption spectra of Tb3+@Zn-CP with different concentration of Cr2O7
2−. Solvent:

DMF/H2O (3/1, v/v), c: 10 μM for Tb3+@Zn-CP, from bottom to top, the equiv of Cr2O7
2−: 0, 5, 10, 15, 20, 25,

30.

Fig. S33 UV–vis absorption spectra of Tb3+@Zn-CP with different concentration of CrO4
2−. Solvent:

DMF/H2O (3/1, v/v), c: 10 μM for Tb3+@Zn-CP, from bottom to top, the equiv of CrO4
2−: 0, 1, 2, 3, 4, 5,

6.



Fig. S34 The XPS spectra of Tb3+@Zn-CP+Fe3+ samples: the survey spectrum and the high resolution XPS spectra 

of Fe 2p.

Fig. S35 UV–vis absorption spectra of Tb3+@Zn-CP with different concentration of Fe3+. Solvent:

DMF/H2O (3/1, v/v), c: 10 μM for Tb3+@Zn-CP, from bottom to top, the equiv of Fe3+: 0, 1, 2, 3, 4, 5,6.



Fig. S36 The XPS spectra of Tb3+@Zn-CP+Ru3+ samples: the survey spectrum and the high resolution XPS 

spectra of Ru 3d.

Fig. S37 UV–vis absorption spectra of Tb3+@Zn-CP with different concentration of Ru3+. Solvent:

DMF/H2O (3/1, v/v), c: 10 μM for Tb3+@Zn-CP, from bottom to top, the equiv of Ru3+: 0, 1, 2, 3, 4, 5,

6.



      

  

 

Fig. S38 Temporal fluorescence decay of 10 μM Zn-CP with 50 μM Fe3+, Ru3+, CrO4
2-, Cr2O7

2-, MnO4
- in 5 mM 

Tris-HCl/NaCl buffer (pH 7.0) excited at 330 nm and monitored at 390 nm; The data are obtained at 54.9 ps per 

point.

Table S6 Comparison of lifetimes of Tb3+@Zn-CP, Tb3+@Zn-CP+Fe3+, Tb3+@Zn-CP+Ru3+, 



Tb3+@Zn-CP+Cr2O7
2-, Tb3+@Zn-CP+CrO4

2- and Tb3+@Zn-CP+MnO4
-.

Compounds τ1(ns) B1(%) τ2(ns) B2(%) τ(ns)
Zn-CP 47.28 2.25 2.15 97.75 3.17

Tb3+@Zn-CP 0.51 88.21 2.87 11.79 0.79
Tb3+@Zn-CP+Fe3+ 0.48 87.09 2.69 12.91 0.77
Tb3+@Zn-CP+Ru3+ 0.46 84.49 2.69 15.51 0.81

Tb3+@Zn-CP+MnO4
- 0.48 84.76 2.76 15.24 0.83

Tb3+@Zn-CP+CrO4
2- 2.86 10.91 0.50 89.09 0.76

Tb3+@Zn-CP+Cr2O7
2- 0.48 84.58 2.59 15.42 0.81


