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Supplementary Materials: 

 

Figure S1. The HRTEM images of Sn-EDTMP 3. The scale bar of a, b, c are 1 μm, 200 nm and 50 

nm, respectively. The left, right column of images represents pristine and leached Sn-EDTMP 3, 

respectively. 
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Figure S2. The XPS spectra of pristine (black) and leached (red) tin alkylphosphonates with 

tentative molecular formula. The weight percentages of tin, phosphorus before and after leaching 

are demonstrated for comparison. 

Table S1. The congruent ratio, r values of tin alkylphosphonates 

Parameter          Category Sn-HEDP Sn-ATMP Sn-EDTMP Sn-DTPMP 

 

Acidity (molL-1) 

0.01 2.74199 0.99899 0.44533 0.26044 

0. 1 2.71802 0.91594 0.44638 0.03086 

1.0 3.2708 28.1491 0.08904 4.01853 

3.0 3.24644 4.05557 0.41856 3.3349 

 

Temperature (K) 

303 4.22529 5.51507 0.06174 5.61172 

318 4.41881 5.31045 0.07381 5.69931 

333 4.73241 5.50817 0.1434 5.44445 
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Figure S3. The selected XPS zones of pristine (black) and leached (red) tin alkylphosphonates: (a) 

Sn-ATMP; (b) Sn-EDTMP; (c) Sn-DTPMP. The structural breakdown of SnP in the presence of HCl 

is depicted as (d) to illustrate the formation of new species speculated from XPS spectra.  

 



5 
 

 

Figure S4. Acidity dependence of SnP dissolution rates and the variation of log Ri versus the 

reciprocal acidity. The Ri, k, n represent the normalized dissolution rates, apparent normalized 

dissolution constant, partial order related to proton concentration, respectively. (a) tin; (b) 

phosphorus. 
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Figure S5. Empirical models that describe the leached elemental concentration (C) as a function of 

time (t) has been utilized to fit the dissolution kinetics of tin alkylphosphonates: (a) the fitting of tin 

0 20 40 60 80 100 120 140 160

0

20

40

60

80
C

S
n
 (

p
p

m
)

Time (hrs)

Equation C = a + b*exp
(-k*t)

C = a + b
*exp(-k*t)

C = a + b*exp(-
k*t)

R square 0.99637 0.98957

Value Standard Error

Sn-HEDP a 91.3508 3.80165

Sn-HEDP b -91.8376 3.5838

Sn-HEDP k 0.01382 0.00135

Sn-ATMP a 23.0589 9.43349

Sn-ATMP b -21.5351 9.35065

Sn-ATMP k 0.0032 0.00179

a

Equation C = a + b*t + k*t^2

R square 0.99886

Value Standard Error

Sn-DTPMP a 0.35832 0.12676

Sn-DTPMP b 0.20729 0.00566

Sn-DTPMP k -5.69821E-4 3.43182E-5

0 20 40 60 80 100 120 140 160

0

10

20

30

40

50

60

b Time (hrs)

C
P
 (

p
p

m
)

 

 Sn-HEDP

 Sn-ATMP

 Sn-EDTMP

 Sn-DTPMP

 Fitting of Sn-HEDP

 Fitting of Sn-ATMP

 Fitting of Sn-DTPMP

Equation C = a + b*exp(-k*t) C = a + b*exp(-k*t)

R square 0.99885 0.99416

Value Standard Error

Sn-HEDP a 63.59802 1.1198

Sn-HEDP b -61.97223 1.07803

Sn-HEDP k 0.01758 8.49998E-4

Sn-ATMP a 3.89853 0.13663

Sn-ATMP b -3.24662 0.13094

Sn-ATMP k 0.01701 0.00188

Equation C = a + b*t + k*t^2

R square 0.99945

Value Standard Error

Sn-DTPMP a 0.14831 0.02089

Sn-DTPMP b 0.04676 9.32499E-4

Sn-DTPMP k -1.19288E-4 5.65659E-6



7 
 

release; (b) the fitting of phosphorus release. The first-order equation is: C = a + b*e-kt, where a, b 

is related to the solubility limit of SnP and k is the dissolution rate constant. The parabolic expression 

is: C = a + b*t + k*t2, where a, b, k are the dissolution parameters. (a) tin; (b) phosphorus. 

 

Figure S6. Temperature dependence of SnP dissolution rates and the variation of ln Ri versus the 
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reciprocal temperature. The Ri, A, E, R represent the normalized dissolution rates, pre-exponential 

factor equating with dissolution constant, activation energy and the ideal gas constant, respectively. 

Note that the A value depends solely on the temperature, independent of acidity. The R value is 

8.314 Jmol-1K-1. (a) tin; (b) phosphorus. 

 

Figure S7. The wide-angle diffraction patterns of Sn-EDTMP 
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Table S2.   The chemical, thermal stability of selected porous coordination polymers for 

radionuclide sequestration 

Sample Metal Linker Category Thermal (ºC) Chemical Target Grade Ref 

UiO-66 Zr  Carboxylate 

MOFs 

430 1 M HCl for 2h U, Th 4A 1 

SZ-1 Zr  Single-crystal 

MPFs 

210 12 M HCl for 12 h  U 4A 2 

H-Sn Sn  UMPFs 420 NM Am NM 3 

Sn-EDTMP Sn  HP- UMPFs 

  

590 3 M HCl for 24 h U, Th “4A”a 4 

NM: not measured 

a: retention of porosity but no sign of any loss of bulk periodicity due to amorphous nature 
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