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Fig. S1. Crystal packing of 1.
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Fig. S2. HPLC-UYV (left) and HPLC-ICP-AES (right) chromatograms of A(a-e).



Table S1. Retention times for peaks observed by HPLC-ICP-AES for A and B.

Compound Reference Peak Nel, Peak No 2
Time, min Time, min
A(a) Fig. S2 a 6,733 7,103
A(b) Fig. S2 b 6,732 7,061
A(c) Fig. S2 ¢ 6,678 7,184
A(d) Fig. S2 d 6,718 7,033
A(e) Fig.S2 e 6,678 7,198
B(a) Fig. 4 a 6,496 6,779
B(b) Fig.4b 6,576 6,810
B(c) Fig. 4 c 6,980 7,263
B(d) Fig. 4d 6,898 7,254
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Fig. S3. 3'P NMR spectra for K*/Li* set of Nb functionalized complexes.
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Fig. S4. 3'P NMR spectra for NH,/Li* set of Nb functionalized complexes.
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Fig. S5. Typical >*C NMR spectrum for Nb functionalized {PsW,g} anions in aqueous solution.
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Fig. S6. Typical >*C MAS NMR spectrum for Nb functionalized {PsW,g} anions in solid state.
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Table S2. Assignment of the ESI-MS spectra.

M/z Assignment

13622 (PsW.420154)(NDO(C204)(H;0))¥—+ 30H*

1373.7 (PsW450134)(NDO(C,04)(H,0))** ~+ 22H*+ 3Li* + SNH,*
1377.5 (PgW450134)(NDO(C,04)(H,0))3*+ 20H" + 3Li* + 7NH4"
1381.3 (PsW430,34)(NDO(C,04)(H20))*~+ 18H" + 3Li* + 9NH,*
1386.2 (PsW430134)(NbO(C,04)(H0)),* ~+ 29H"

1395.7 (PsW430,349)(NbO(C,04)(H20)),** ~+ 23H" + 3Li* + 4NH,*
1409.9 (PsW45015)(NDO(C04)(H0))5"—+ 28H

1425.0 (PsW450150)(NDO(C204)(H,0))53+ 28H" + 3Li* + 7NH,"
14394 (PsW450150)(NDbO(C204)(H,0)), 3+ 22H" + 3Li" + 2NH,"
14545 (PsW50154)(NDO(C,04)(H,0)), 36+ 14H" + 3Li" + 10NH,*
1532.7 (PsW450150)(NDO(C,04)(H,0))°~ + 31H

1535.0 (PsWs0154)(NDO(C,04)(H,0))~ + 28H" + 3Li*

15412 (PsW.50154)(NDO(C204)(H,0))*~ + 25H* + 3Li* + 3NH,"
15479 (PsWa450154)(NbO(C204)(H,0))*~ + 23H* + 3Li* + 6NH,"
1553.6 (PsW450134)(NDO(C,0,4)(H,0))*~ + 22H* + 2Li* + 9NH,*
1559.4 (PsW430134)(NbO(C,04)(H,0)),* ~ + 30H*

1561.7 (PsW450154)(NDO(C,04)(H,0)),** ~ + 27H" + 3Li*

1570.2 (PsW450184)(NDO(C,04)(H,0)),** ~ + 23H" + 3Li* + 4NH,*
1576.6 (PsW430,39)(NbO(C,04)(H20)),** ~ + 20H" + 3Li* + 7NH,"
15863 (PsW.sO154)(NDO(C,04)(H,0))57— + 29H*

1594.8 (PsW.150150)(NDO(C,04)(H,0))57— + 23H" + 3Li* + 3NH,"
16033 (PsW.450150)(NDO(C,04)(H,0))57— + 19H" + 3Li* + TNH,"
1612.9 (PsW50154)(NDO(C,0,)(H,0)), 36~ + 28H

16215 (PsW.s0154)(NDO(C,04)(H,0))46 + 22H" + 3Li" + 3NH,"
1634.4 (PsW450150)(NbO(C,04)(H,0)),3~ + 15H" + 3Li" + 10NH,"
1751.0 (PsW450154)(NbO(C,04)(H,0))—+ 32H*

1764.1 (PsWa50154)(NDO(C204)(H,0))*—+ 25H" + 3Li" + 4NH,"
1769.0 (PsW 450 150)(NDO(C>04)(H,0))**—+ 23H" + 3Li* + 6NH,*
17714 (PsW.sO154)(NDO(C,04)(H,0))—+ 22H" + 3Li* + TNH,*
1773.8 (PsW.50154)(NDO(C,04)(H,0))°—+ 21H+ 3Li" + 8NH,"
17763 (PsW 450 150)(NDO(C,04)(H,0))**+ 20H+ 3Li" + ONH,"
1782.5 (PsW.450154)(NDO(C04)(H;0)), %~ + 31H*

1784.1 (PsW450134)(NDO(C,04)(H,0)),* ~ + 29H" + 2Li*

17874 (PsW450154)(NbO(C204)(H,0)), — + 27H" + 3Li" + NHy*
17922 (PsW.150154)(NDO(C,04)(H,0)),38~ + 25H" + 3Li* + 3NH,"
1797.1 (PsW.150150)(NDO(C,04)(H,0)),38~ + 23H" + 3Li* + SNH,"
1802.0 (PsW.s0154)(NDO(C,04)(H,0)),5— + 21H" + 3Li* + 7TNH,"
1813.1 (PsW250154)(NbO(C,0,)(H,0))57 — + 30H"

18204 (PsW450150)(NDO(C204)(H,0))53 — + 25H" + 3Li* + 2NH,"
182522 (PsWa50154)(NDO(C204)(H,0));¥ — + 23H" + 3Li* + 4NH,*
1830.0 (PsW430189)(NDO(C,04)(H20))5*7~ + 21H" + 3Li* + 6NH,*
1843.6 (PsW430134) (NbO(C,04)(H0))4*6 ~+ 29H*

1853.3 (PsW 450 154)(NDO(C,04)(H,0)),2~+ 23H* + 3Li* + 3NH,*




1860.7

(PsW430154)(NbO(C,04)(H,0))4*~+ 20H" + 3Li* + 6NH,*

2044.1 (PsW430154)(NbO(C,04)(H,0))* ~+ 33H"

20753 (PsW.450154)(NDO(C04)(H;0))—+ 20H+ 3Li* + 10NH,"
2079.8 (PsW.sO154)(NDO(C,04)(H,0))235~ + 32H

2083.6 (PsW450154)(NbO(C204)(H,0)), ~ + 30H" + Li* + NHy*
2089.5 (PsW.sO154)(NDO(C,04)(H,0))—+ 15H" + 3Li* + 15NH,*
2096.8 (PsW.s0154)(NDO(C,04)(H,0)),35— + 24H" + 3Li" + SNH,"
21037 (PsW.sO154)(NDO(C,04)(H,0))P—+ 10H" + 3Li" + 20NH,*
21154 (PsW250152)(NbO(C,0,)(H,0))57 — + 31H"

2126.8 (PsW.sO 154)(NDO(C,04)(H,0))57— + 25H" + 3Li* + 3NH,"
2138.4 (PsW430139)(NDO(C,04)(H20))5*7~ + 22H* + 3Li* + 7NH,*
2151.0 (PsW5O154)(NDO(C204)(H,0))36+ 30H"

2161.0 (PsW.430154)(NDO(C204)(H;0))s~ + 13H" + 3Li* + 15NH,*
2161.1 (PsW,450184)(NbO(C,04)(H,0))* ~+ 25H*+ 3Li* + SNH,*
2176.9 (PsW430,39)(NDO(C,04)(H,0))4* "+ 20H"+ 3Li" + 8NH,*
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Fig. S10. Comparison between experimental and calculated values of isotopic patterns for

{[PsW450,34(NbO(C,04)(H,0)), + 29H"]*-



707 (P8W480184)(NbO(C204)(H2[0))+30H e

60

iZ I

30 w ﬂ ' M\W\
207 | [\
gt | W iy ﬂr I
j | [} Wl
0 -' L R . RN TR IR P T S A ) R TR | RO DR R B o Ar § I ¥
1361.0 1361.5 1362.0 1362.5 1363.0 1363.5 1364.0
m/z
Fig. S11. Comparison between experimental and calculated values of isotopic patterns for
{[PsW430154(NbO(C,0,4)(H,0)) + 30H*]>-
= ] (P8W480184)(NbO(C204)(H20))+18H+3Li+9NH4

) il
I/ | | |
B
R AN

1379.5 1380.0 1380.5 1381.0 13815 1382.0 13825 1383.0 13835
m/z

J

Fig. S12. Comparison between experimental and calculated values of isotopic patterns for

{[PsW450,54(NbO(C,0,4)(H,0)) + 18H" + 3Li" + 9NH,*]*~



. 250-
200
150-
100

50-

i

0

(P8W480184)(NbO(C204)(H20))+20H+3Li+7NH4 e

|

|
i

n

i

1)

1375.0

13760

13770

13780

13790

11380.0

Fig. S13. Comparison between experimental and calculated values of isotopic patterns for

{[PsW450154(NbO(C,04)(H,0)) + 20H* + 3Li* + 7NH,"]*

11381.0
m/z

a.i.

250-
200-
150

100-

50

0

i

f

|

(P8WA48

il

|

'J“

0184)(NbO(C204)(H20))+22H+3Li+5NH4 o

ingl

1371

.0

1372.0

1373.0

1374.0

1375.0

1376.0

Fig. S14. Comparison between experimental and calculated values of isotopic patterns for

{[PsWa50154(NDO(C,04)(H,0)) + 22H* + 3Li* + SNH,*]>



a.i.

90+
60+
30+

ivr

1393.5

0

|

(P8W480184)(NbO(C204)(H20))2+23H+3Li+4NH4 o

|

i,

|

il

il

T;"l:“l“'v*—-—

Ll e e

13945

Py

1395.5

LI

L

1396.5

13975

L =

13985

gy

13995
m/z

Fig. S15. Comparison between experimental and calculated values of isotopic patterns for

{[PsW430,34(NDO(C,04)(H,0)), + 23H" + 3Li* + 4NH,]*

= 55
50
45°
40
35
30
257
20
15
10

—

I
"H'

N

|

(P8W480184)(Nb

D(C204)(H20)

|

3+28H e

1408.0 1408.5 1409.0 1409.5 1410.0 14105 1411.0 14115 1412.0 14125

m/z

Fig. S16. Comparison between experimental and calculated values of isotopic patterns for

{[PsW450154(NbO(C,04)(H,0)); + 28H"]*-



5 e e T T
i |

!

. ' |
A PR uﬁ\ (i

1

15525 15535 15545 15555 15565
m/z

I
1551.5

ML

Fig. S17. Comparison between experimental and calculated values of isotopic patterns for

{[P8W4go184(NbO(C204)(H20)) +22H" +2Li" + 9NH4+]67

a.i.

(P8W480184)(NbO(C204)(H20))2+30H e

3001
250

200

w
i

-} UL

15575 1558.0 1558.5 1559.0 1559.5 1560.0 15605 1561.0 1561.5 1562.0
m/z

Fig. S18. Comparison between experimental and calculated values of isotopic patterns for
{[PsW450154(NDO(C,04)(H,0)), + 30H*]3



s 250 (P8W480184)(NbO(C204)(H20))+23H+3Li+6NH4 »

200 I
1504 ﬁ “

1001 h

LU LCAA L CAACARUEKLEIL,

1546.5 1547.0 1547.5 1548.0 1548.5 1549.0 1549.5
m/z

Fig. S19. Comparison between experimental and calculated values of isotopic patterns for

{[PsW430154(NbO(C,04)(H,0)) + 23H" + 3Li" + 6NH, "]

(P8W480184)(NbO(C204)(H20))2+27H+3Li ®

a.i.

300-
250-

200 »

150-

100%
: I )

A,

15595 1560.0 1560.5 1561.0 15615 1562.0 1562.5 1563.0 1563.5
m/z

Fig. S20. Comparison between experimental and calculated values of isotopic patterns for

{[PsW430,54(NbO(C,04)(H,0)), + 27H* + 3Li*]*



a..

90+

60+

30+

W

|

|

|

(P8W480184)(NbO(C204)(H20))+25H+3Li+3NH4

/!

i

W/\/

It

Fig. S21. Comparison between experimental and calculated values of isotopic patterns for

{[PsW43015s(NDO(C,04)(H,0)) + 25H" + 3Li" + 3NH, >

15405

1541.0

15415

15420

1542 5

1543.0
m/z



Table S3. Experimental details

Chemical formula

Nb3.680238P8W48

M,

13222.47

Crystal system, space group

Tetragonal, /4/m

Temperature (K) 130

a,c(A) 25.6122 (5), 22.0939 (5)
Vv (A3) 14493.3 (7)

VA 2

Radiation type Mo Ka

p (mm-) 19.24

Crystal size (mm)

0.12 x 0.08 x 0.05

Diffractometer

New Xcalibur, AtlasS2

Absorption correction

Multi-scan

CrysAlis PRO 1.171.38.41 (Rigaku Oxford Diffraction,
2015) Empirical absorption correction using spherical
harmonics, implemented in SCALE3 ABSPACK scaling
algorithm.

Tmim Tmax

0.529, 1.000

No. of measured, independent and
observed [/ > 2o(/)] reflections

19190, 6795, 4745

R 0.036
0 values (°) Omax = 25.4, Opin = 3.4
(5in 0/W)max (A)) 0.602

Range of 4, k, [

-28<h<30,-30<k<29,-26</<21

R[F?>20(F?)], wR(F?), S

0.045, 0.116, 1.02

No. of reflections, parameters,
restraints

6795, 386, 0

H-atom treatment

H-atom parameters not defined

Weighting scheme

w = 1/[s¥(F2) + (0.0458P)*> + 505.568P]
where P = (F2 +2F2)/3

Apmax: Apmin (C A_3)

1.46,-1.51

Computer programs: CrysAlis PRO 1.171.38.41 (Rigaku OD, 2015), SHELXS2014 (Sheldrick, 2014),
SHELXL2014 (Sheldrick, 2014), ShelXle (Hiibschle, 2011), CIFTAB-2014 (Sheldrick, 2014).
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Table S4. Size of species determine by PDDF analysis of the scattering curves.

Compound R, (Guinier) A Diameter (A)
B(a) 8.41 22.53
B(c) 8.36 22.48
B(d) 8.34 22.00

1* 23.1

* Diameter obtained from the X-ray structure



