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Table S1. A summary of pure inorganic ruthenium-containing POMs with well-defined structures.

Compounds Year Ref.
{O[RUY(X)P,W17061],}* (X = OH, Cl) 1993 1
[{a-SiW1;,039Ru"}, 0112 2007 2
[{PW11039},{(HO)RU"N-O-RuV(OH)}]1%- 2008 3
[{RU"404(0OH)5(H20)4}(y-SiW10036),]'% 2008 4
[RU"4Cl40,(14-OH)4(y-SiW10036),] "2 2008 5
[y-XW10038{RU'VN},]~ (X = Si, Ge) 2009 6
[(y-PW10036),Ru";4050H)(H,0)4]° 2010 7
[{Ru"406(H20)9}25b2W0065(OH),]* 2012 8
[{Ru"406(H,0)s},{Fe(H,0),},{B-TeWs033},H]* 2012 8
[HMoVY'14RuUY,050(0OH),] 10" 2018 9

[Se03(H3RU|VW11033)3]14_ 2019 This work




Fig. S1 (a) The actual polyoxoanion structure of 1 on the crystallography. (b) The simplified schematic of 1a. O
atoms around Se atom are disordered due to the symmetry, thus, we present 1a with Fig. S1b briefly, so that we
can be easily understand.
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Fig. S2 Representation of the polyanion 1la assembled from three building blocks {RuW;,} in idealized Cs,

symmetry. Colour code: WOg octahedra, blue; W/RuOg octahedra, sea green; RuOg octahedra, yellow; O, red
balls; Se, green ball.
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Fig. S3 Structures of polyanion 1a (a) and {H3Rugg3W19.17040} cluster (b) with BVS assignments; (c) Keggin-like iso-
POT a-{H,W1,04} (metatungstate); (d) classical Keggin-type hetero-POT [XW,040]" (X = Si, P, Ge, As, et. al.) (W,
blue balls; Se, green balls; Ru, yellow balls; monoprotonated O, pink balls; 0~ ligand, grey sticks, scheme outlined
in Table S2).



Table S2. The BVS calculations of all crystallographically unique O atoms on 1a.

Atom BVS Atom BVS
o1 2.09 013 1.96
02 2.04 014 1.96
03 1.89 015 2.07
04 1.81 016 2.00
05 1.66 017 0.80
06 1.84 018 1.85
o7 1.98 019 1.18
08 2.02 020 1.66
09 1.85 021 1.89
010 1.80 022 1.85
011 1.70 023 1.80
012 1.61 024 1.74

Table S3. The BVS calculations of all crystallographically unique W, Se and Ru atoms on 1a.

Atom lable BVS Atom lable BVS
w1 6.14 W5 6.25
W2 6.01 W6 5.81
w3 6.06 Sel 3.84
W4 6.46 Rul 4.07

Fig. S4 The crystal packing arrangements of polyanions 1a packing along the c axes and the simplified packing of
1a viewed along the ab plane. Rb*, CI~ions and lattice water molecules are neglected for the sake of clarity.



Fig. S5 (a) ball-and-stick representation of polyanion {(H,0);KC[H1,W350120]}* ({W36}); (b) the divacant {Wi,}
building block in {W3g} cluster; (c) the monovacant Keggin-like {HsRugg3W10.17040} building block in polyanion 1a;
(d) a chain-linked iso-POT {(DMAH)¢[HsCoW1,039]-6H,0}, based on monovacant Keggin-like {W11} subunit. Colour
code: W/CoOg octahedra, sea green; W spheres, light blue; K sphere, rose; unordered W/Co spheres, pink.
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Fig. S6 XPS spectra for (a) W 4f, (b) Se 3d, and (c) Ru 3d. Spectra analysis was carried out using peak fitting with
Gaussian—Lorentzian peak shape and Shirley type background subtraction, and the C 1s peak typically locates at
284.6 eV taking as a reference. (d) Low-temperature EPR spectra of compound 1.
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Fig. S7 (a) Negative ESI-MS spectrum of compound 1 in the selected range m/z = 1325-1500, and the detailed
assignments were listed in Table S5; (b) Selected experimental (black) and simulated (red) mass spectra of the
isotopic envelopes for at m/z = 1404.74 (-6). (Concentration, ca. 5x107° mol L™1; Solvent, aqueous solution; Flow
rate, 20 uL min?)

Table S4. Detailed assignment of mass spectral data in the selected range m/z = 1325-1500.

Peak numbers Formula m/z (found) m/z (calcd.)
1 {H10[S€03(HgRU5 5sW30.50114)](H20),}6~ 1362.9109 1362.9520
2 {H10[Se03(HgRUs5 s W30 50114)1(H20)7}5~ 1376.6036 1376.5293
3 {RbHy[SeO3(HgRus s W30.50114)](H,0);}5~ 1390.5895 1390.6059
4 {Rb,Hs[Se03(HgRus5 5 W30 50114)1(H,0),}6~ 1404.7367 1404.6825
5 {Rb3H;[SeO3(H3RUW1;035)3](H,0);}5~ 1418.5607 1418.7592
6 {RbsHg[SeO3(H3RUW;103g)3](H,0),30~ 1432.7256 1432.8358
7 {RbsHs[SeO3(H3RUW1;035)3](H,0)7}5~ 1446.8631 1446.9124
8 {RbgH4[SeO3(H3RUW;103g)3](H,0),36~ 1460.8528 1460.9890
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Fig. S8 Negative ESI-MS spectra of compound 1 in aqueous solution over 24 h.
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Fig. S9 Negative ESI-MS spectrum of compound 1 at different pH values in the selected range m/z = 1325-1500.
Natural pH value reached 6.5 (+0.1) when compound 1 was dissolved into deionized water at about 5x107% mol
L=! concentration. Peaks with red asterisk (*) were all around 1404.7(-6), assigned to the species of the intact
polyanion {Rb,Hg[SeO3(HgRus sW3050114)](H20);}6~ (Concentration, ca. 5x10~° mol L™%; Solvent, aqueous solution;
Flow rate, 20 pL min1).
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Fig. S10 UV/Vis spectra of 1 in dilute solution at different pH values: (a) pH = 6.3-11.0; (b) pH = 2.5-6.3.
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Fig. S11 IR spectra of compound 1 (black line) and before and precipitation obtained by addition of excess RbCl
solids into 0.5 M NaCl solution (containing 1 mM 1) after continuous cycling test 50 cycles (blue line).

IR spectra

The building block {H3RuW;;040} in compound 1 and metatungstate (namely saturated Keggin-like iso-POT a-
{H,W1,040}) is proved to share the similar structure, which has been described in crystallographic description. To
undergird this result, IR spectra were recorded from two freshly prepared samples of compound 1 and (n-
PrsN)a[HsW1,040] obtained from Himeno, both of which obviously exhibit three kinds of characteristic vibration
derived from the Keggin-like framework in the wavenumber region of 1300-400 cm™ (Fig. S11). For compound 1,
the vibrations of terminal v(W-0;) (pink region), edge-sharing v(W—0y) (yellow region) and corner-sharing v(W-
O.) (blue region) vibrations can be figured out at 907 cm™, 846-823 cm™ and 723-675 cm™}, respectively, while
in the case of Nag[H,W1,040] they are located at 968 cm™, 918-884 cm™ and 798 cml. Obviously, three
characteristic vibrations of compound 1, by contrast, all show slightly red shifts than those of Nag[H,W1,040],
which may be concerned for the substitution of Ru decreasing the vibrational frequency of W-0 bonds.'®
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Fig. S12 Negative ESI-MS spectra of the precipitate which obtained from treating electrolyte solution (containing

the compound 1). (Solvent, aqueous solution; Flow rate, 20 uL min=). The Highest Peak m/z = 1395.46(-6) can

be assigned to the species of the intact polyanion {Rb,Hs[SeOs(HsRus5W3050114)]1(H,0)4} (calcd. m/z =

1395.67(-6)).

Table S5. Electrocatalytic performance of nitrite oxidation for various catalysts or modified electrodes.

Peak Current (lp)/

Catalysts/electrodes electrolyte Oxidation potential (E) Ref.
concentration of NO,~

PMo;,V/PDDA-rGO 0.2 M PBS (pH 7.0) =0.84V =47 pyA /0.5 mM 16
3D-mp-rGO-POM-GCE 0.1 M H,S0,4 0.6-0.8 V (vs. SCE) =25puA/1mM 17
Cu/MWCNTs-GC 0.1 MPBS (pH7.0)  0.93V (vs. SCE) ~36pA/1mM 18
Dend/AuNps(I1)/Pt 0.1 mM NaClO,4 0.80V (vs. SCE) =19puA/1mM 19
Bare Pt 0.1 mM NaClO, 0.88 V (vs. SCE) =13 puA/1mM 19
CU/MWCNT/Gr/GCE 0.1 M PBS (pH 7.0) =0.93 V (vs. SCE) =225/5mM 20
GC/Ag—P(MMA-co-AMPS) 0.1 M PBS (pH7.0)  0.80 V (vs. SCE) ~33pA/1mM 21
[VO(SB)]-CPE 0.1 M PBS (pH4.0)  =0.85 V (vs. SCE) ~13pA/ 1 mM 22
AuNPs-S-Gr/GCE 0.1 M PBS (pH4.0)  0.88V (vs. Ag/AgCl) =132 pA/4mM 23
FeTMPyP/HTi2NbO7

NSs/GCE 0.2 M PBS (pH 7.0) 0.80 V (vs. SCE) =250 uA /8 mM 24
Au NRs—Nafon-GCE 0.1 M PBS (pH 6.0) =0.83V =19 pA/0.5mM 25
CR-GO/GCE 0.1 MPBS (pH5.0)  0.82V (vs. SCE) ~68pA/ 1 mM 26
Catalyst 1 (bare GC) 0.5 M NacCl 0.83 V (vs. Ag/AgCl) 59 puA/1mM here

Note: “GCE” and “GC” appeared in the first column are both referred to glassy carbon electrode, carbon paste

electrode was cited as CPE.
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Fig. S13 TG curve of compound 1. In the range of 35-800 °C, the black line shows one continuous mass loss,

corresponding to the release of 39 lattice water molecules and the sublimation of SeO,. The total fluid loss was a

little lower than that of crystallographic analyses result owing to a small degree of crystal weathering.?’-2°
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Fig. S14 SEM image and EDX spectrum of single crystal of 1. Ru and W were detected with approximate ratio of
5.40: 1 (W: Ru).
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