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Fig. S1 Summary of the reported typical Ln-substituted monovacant Dawson-type POTs. (a) [Lu(α1-P2W17O61)2]
17–; (b) [Ln (α2-P2W17O61)]2

14– (Ln = CeIII, LuIII); 

(c) [Ln(α1-P2W17O61)]2
14– (Ln = LaIII, CeIII, NdIII, EuIII, LuIII); (d) [Ln(α2-P2W17O61)]2

14– (Ln = LaIII, CeIII, EuIII, LuIII).  

 

Fig. S2 Comparison of the simulated and experimental XRPD patterns: 1 (a), 2 (b) and 3 (c).  

The bond-valence sum calculations suggest that all W and Ln atoms in 1–3 are in the +6 and +3 oxidation states, 

respectively.1 Considering the charge balances of 1−3, some protons need to be added. To locate the positions of these protons, 

the bond valence sum (Σs) calculations1 of all the oxygen atoms on POM fragments are carried out (Fig. S3–S4 and Table 

S1–S2). The multiply protonated POM fragments in the products are reasonable based on the following considerations: 2–10 

(i) The POM fragments [(α2-P2W17O61)Ln(H2O)4]6
42– units in the products have high negative charges and rich basic surface 

oxygen atoms, which make these POM fragments easily protonated.  

(ii) On the basis of the charge balance consideration and bond valence sum (Σs) calculations, the oxidation states of 61 O 

atoms in 1, 2 and 3 can be divided into three or four groups according to the bond valence sum calculations. For 1, there are 27 

O atoms with their Σs in the range of –2.08 ~ –2.01, 11 O atoms with their Σs in the range of –2.00 ~ –1.91, and 23 O atoms 

with their Σs in the range of –1.90 ~ –1.71. So the four protons are likely to be delocalized on these O atoms, especially the 23 

O atoms with their Σs in the range of –1.90 ~ –1.71. For 2 and 3, the cases are the same, therefore, only 2 is taken as an 
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example to depict in detail. There are 30 O atoms with their Σs in the range of –2.21 ~ –2.01, 6 O atoms with their Σs in the 

range of –2.00 ~ –1.91, 20 O atoms with their Σs in the range of –1.90 ~ –1.71, and 5 O atoms with their Σs in the range of 

–1.70 ~ –1.51. So the two protons could be considered as the average bond valence sums of these O atoms, especially the 5 O 

atoms with their Σs in the range of –1.70 ~ –1.51. 

(iii) About the synthetic conditions, the pH values of 1−3 exhibit the weak acidity. The multiple protonations of the 

polyoxoanion [(α2-P2W17O61)Ln(H2O)4]6
42– with high negative charges in the products are likely under the weak acidic 

conditions only for the requirement of the charge balance. In the structure of 1, there is 18 positive charges (twelve Na+ and 

two [La(H2O)9]
3+ cation), which must merge 24 protons for balancing the total 24 negative charges from itself, forming the 

multiply protonated POM fragment [(α2-P2W17O61H4)La(H2O)4]
3– in 1. It has been confirmed by the above valence sum (Σs) 

calculations. For 2 and 3, the cases are the same. 

(iv) In generally, the multiply protons cannot be located in POM fragments by X-ray diffraction, and they are usually 

assigned to be delocalized on the whole POAs only for balancing the high negative charges of the POAs at different synthetic 

conditions, which is common in POM chemistry and has been reported in many literatures. 2–10  From the reported results, the 

amount of the protons merged in the POAs with high negative charges did not absolutely depend on the acidity of the reaction 

system. The considerable amounts of the protons may merge in the POAs for balancing the negative charges, even in weak 

acidic conditions. Here, only some representative examples are shown. For example, there are 56 and 55 protons in [H56P8W48 

Fe28O248]
28– (obtained at pH = 5.2) and [H55P8W49Fe27O248]

28– (obtained at pH = 6.0), but they were made in the weak acidic 

condition, while only 4 protons in [H4P2W12Fe9O56(OAc)7]
6– (obtained at pH 3.7), respectively.2 Other examples: [Ni20P4W34 

(OH)4O136(enMe)8(H2O)6]
12–,3 [ε-H4PMoV

8MoVI
36O40{La(H2O)4}4]

5+,4 [HW9O33RuII
2(dmso)6]

7–,5 (Cs+)3([18]crown-6)3(H
+)2[PMo12 

O40],
6 [H12V13O40]

3–,7 [H3W12O40]
5–,8 [Sn4(SiW9O34)2]

12–,9 [(H3O)9{(PY2W10O38)4(W3O14)}]21– and [(H3O)13.5{(PEu2W10O38)4 

(W3O14)}]16.5–.10 
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Fig. S3 Charge distribution of O atoms in the polyoxotungstate fragment [(α2-P2W17O61H4)La(H2O)4]
3– of 1. Oxygen atoms with different bond valence sums 

are represented by different colors. H atoms, Na+, lattice water molecules and the discrete [La(H2O)9]
3+ cation are omitted for clarity. 
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Table S1. The bond valence sum calculations of all the oxygen atoms on POM fragments in 1. 

 

Fig. S4 Charge distribution of O atoms in the polyoxotungstate fragment [(α2-P2W17O61H2)Ce(H2O)4]
5– of 2. Oxygen atoms with different bond valence sums 

are represented by different colors. H atoms, Na+, lattice water molecules and the discrete [Ce(H2O)8]
3+ cation are omitted for clarity. 

Table S2. The bond valence sum calculations of all the oxygen atoms on POM fragments in 2. 

 

Fig. S5 The Negative mode ESI-MS of 1 in water. 

Oxygen Band valence sum range Number Oxygen Band valence sum range Number 

 –2.08 ~ –2.01 27  –1.90 ~ –1.71 23 

 –2.00 ~ –1.91 11    

Oxygen Band valence sum range Number Oxygen Band valence sum range Number 

 –2.21 ~ –2.01 30  –1.90 ~ –1.71 20 

 –2.00 ~ –1.91 6  –1.70 ~ –1.51 5 
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Fig. S6 The TG curves of 1–3 on crystalline samples in a N2 atmosphere in the range of 25–600 ºC. 

 

Fig. S7 IR spectra of 1–3. 
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