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1. General methods and materials

Reagents were used as purchased without further purification. Na,WQO,4-2H,0 (= 98 % purity) was
purchased from Merck; Na,TeOs (97 % purity) and anhydrous LiCl (99 % purity) were obtained
from Alfa Aesar, and 37.0 % HCI (p. a.) for preparation of 1 M solutions from Chemsolute.
Elemental analysis results (ICP-OES and CI) were obtained from Central Institute for Engineering,
Electronics and Analytics (ZEA-3), Forschungszentrum Jiilich GmbH (D-52425 Jiilich, Germany).
TGA/DTA measurements were carried out with a Mettler Toledo TGA/SDTA 851 in dry N, (60
mL min') at a heating rate of 5 K min~!'. FT-IR spectra were recorded on a Bruker VERTEX 70
FT-IR spectrometer using KBr pellets. UV-Vis spectra were measured using 10 mm quartz cuvettes

on a Shimadzu UV-3600 plus UV-Vis-NIR spectrophotometer.

Synthesis of Nas;Liyo[H TessW73037,]-225H,0-1.5LiCl (NaLi-1)

Samples of Na,WO,4-2H,0 (0.90 g, 2.7 mmol) and Na,TeO3 (0.09 g, 0.40 mmol) were dissolved
in aqueous 1 M LiCl solution (15 mL) acidified with 1 M HCI (1.3 mL) to a final pH of 7.5 (note:
when more than 2.3 mL of 1 M HCl is added (pH 7.3) only oily products form). The obtained clear
colorless solution was heated at 70 °C for 30 min under vigorous stirring and then cooled down to
room temperature and filtered. The filtrate was separated into several vials and left for evaporation
in air. A white precipitate forming in 3 — 5 days was removed by filtration while continuous
evaporation produced colorless block-shaped crystals of NaLi-1 within 10 — 15 days. The crystals
were collected by suction filtration and dried in air. Yield: 0.10 g (37.6 % based on Te). Elemental
analysis, calculated for Hys4Cly 5Li39.5sNas;Os97TeqsWog (found): Cl, 0.17 (0.16); Li, 0.66 (0.68); Na,
3.67 (3.66); Te, 19.2 (19.1); W, 44.94 (45.01) %. FT-IR (KBr pellet), v/ cm': 3410 (s, br); 1635
(m); 931 (s); 877 (s); 735 (s); 698 (s); 595 (s); 484 (s); 456 (s); 410 (s). UV-Vis (Hy0): A = 185
nm, £=959592 Mtem.



I1. Single-crystal X-ray diffraction data

Single crystal diffraction data for NaLi-1 were collected at 100 K on a SuperNova (Rigaku)
diffractometer with MoKa. radiation (A = 0.71073 A). The crystals were mounted in a Hampton
cryoloop with Paratone-N oil to prevent water loss. Absorption corrections were applied
numerically based on Gaussian integration over a multifaceted crystal model using CrysAlis
software.! The SHELXTL software package’ was used to solve and refine the structure. The
positions of tungsten and tellurium centers were found by direct methods, and the remaining atoms
were located in an alternating series of least-squares cycles on difference Fourier maps. The
hydrogen atoms and Li" positions were not located. All heavy atoms (W, Te and Na) were refined
in full-matrix anisotropic approximation. ISOR restrictions had to be applied to get reasonable
anisotropic displacement parameters for some Na atoms.

The relative site occupancy factors for disordered W and Te positions (W38/W38A,
W39/W39A, Tel/TelA, Te2/Te2A, Te23/Te23a and Te24/Te24A) of the polyanion as well as for
Nal8/Nal9 and Na20/Na2l were refined using a combination of PART / EADP commands. The
relative site occupancy factors for the other sodium counterions as well as O atoms of crystal waters
were first refined in an isotropic approximation with Ui, = 0.05 and then fixed at the obtained
values and refined without the thermal parameters restrictions.

Due to severe disorder of some countercations and solvent molecules involvement of additional
analytical techniques was necessary to attest the true composition of the bulk material of NaLi-1
(which is a common issue of the POM crystallography). Thus, we could only locate 28 Na* cations
and 122 co-crystallized H,O molecules per polyanion from the XRD data, while 51 Na* ion and 225
crystal water molecules are expected to be present from elemental analysis and thermogravimetry.
In addition, it was not possible to conclude if there are any Cl~ ions (1.5 co-crystallized LiCl
molecule per formula unit is found by elemental analysis) present in the structure. On one hand, it is
difficult to clearly distinguish O atoms of H,O from CI~ ions with a low site occupancy factor in the
environment expected for this structure. On the other hand, LiCl could be just an impurity isolated
with the main product as the synthesis is done in a LiCl medium. For overall consistency, the final
formula presented in the CIF file is based on the composition determined by a combination of single
crystal X-ray (polyanion part), elemental and thermogravimetric (exact number of cations and
solvent molecules in the bulk material) analyses. The remaining electron density in the voids of the

structure was treated by a SQUEEZE procedure?® and yielded the number of the diffused electrons
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that fits very well with the expected number of non-located solvent H,O molecules, Na* and Li*
counterions.

Additional crystallographic data are summarized in Table S1. Further details on the crystal
structures investigation can be obtained, free of charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK: http://www.ccdc.cam.ac.uk/, e-mail: data request@ccdc.cam.ac.uk, or

fax: +441223 336033 upon quoting CCDC 1908301 depository number.

Table S1. Crystal data and structure refinement for NaLi-1.

Empirical formula Cl; sHys4L139 5Nas;O597TessWog
Formula weight / g mol™! 31912.04
Crystal system Monoclinic
Space group C2/c
alA 58.0985(5)
b/ A 17.79804(15)
clA 61.6119(6)
p 115.7502(11)°
Volume / A3 57382.6(10)
Z 4
Deae / g cm™ 3.694
Absorption coefficient / mm™! 18.132
F(000) 56704
Crystal size / mm3 0.16 x 0.21 x 0.29
Theta range for data collection 3.14° —25.03°
Completeness to Gax 99.8 %
—69 <h <69,
Index ranges 21 <k<2l,
—73<1<73
Reflections collected 518548
Independent reflections 50577
Rins 0.1254
Observed (1 > 20o(1)) 36849
Absorption correction Numerical (Gaussian integration)
Tnin / Tinax 0.0460/ 0.1920
Data / restraints / parameters 50577/72 /1743
Goodness-of-fit on F? 1.066
Ry, WR, (1> 20(1)) R, =0.0574, wR, = 0.1346
Ry, WR, (all data) R, =0.0857, wR, = 0.1597
Largest dlff(.3 12“6:331( and hole / 3880/ _3.007




Fig. S1. Comparison of the structure of the {TeW;0;5}% subunits in 1 (left) and the trilacunary
Keggin-type polyanions [TeWy053;]'>~ (right).# Color code: WOg red-violet octahedra; Te rose, O
red spheres. The six WOg polyhedra of the [TeW¢Os33]'?~ polyanion that do not belong to the {TeW3}
moiety of interest are drawn transparent for better visibility.

Fig. S2. Comparison of the structure of the {Te;W305} !9 subunits in 1 (left) and the Strandberg-
type polyanions [(PO4),Ws0;5]% (right).> Color code: WOq4 cyan-blue and light-blue octahedra; Te
cyan-blue, P orange and O red spheres. Te—O bonds are drawn in orange and dark gray to aid
visibility.



Fig. S3. Self-assembly of giant polyanions from simple building blocks is frequently considered as
a model for a better understanding of the formation of biological nanosystems. In the present case,
polyanion 1 with a diameter of ca. 3.5 nm approaching the sizes of small proteins such as
haemoglobin (around 5 nm) displays rare overall D, symmetry with a subunit arrangement similar
to that in haemoglobin. The figure compares the arrangement of the {TegW;5073}%* building units
in 1 (left) and the organization of the subunits in hemoglobin (right). Color code: atoms of the
different {TegW,5073}%* units in 1 are alternatively shown as red and blue spheres, the atoms of the
{Te,W30,5} 19 as dark-purple spheres, the atoms of the {TeW;0;5}% groups are represented as
green sticks.



II1. Thermal analysis

The thermal stability of NaLi-1 was investigated in the temperature range from 25 to 900 °C
under an N, flux. According to the TGA curve (Fig. S4), the release of (crystal) water molecules
occurs in three steps. The main step starts already at 25 °C and is completed at 125 °C and
corresponds to the loss of 164 H,O molecules per formula unit (9.35 % obs. vs. 9.34 % calc.). The
next two mass loss steps occur in the temperature intervals 125 — 300 °C (1.70 %, ~30 H,O per
formula unit) and 300 — 430 °C (1.03 %, ~18 H,O per formula unit), respectively. The total weight
loss of 12.08 % observed until 430 °C is in good agreement with the release of 210 water molecules
of crystallization and 2 H,O molecules associated with the protons of the polyanions (12.16 %). The
surprisingly high temperature for the release of some water molecules could be possibly explained
by their tight binding to several Na* counterions. Further weight loss (450 — 630 °C, 0.73 %) could
be attributed to the release of co-crystallized Cl~ ions (0.20 %) and/or O, (which can form due to
redox processes within the POM skeleton). A further pronounced mass decrease starting at about
720 °C reflects major POM decomposition, which is not completed at 900 °C. The total weight loss

at 900 °C amounts to 15.3 %.
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Fig. S4. TGA (blue), differential TGA (green) and SDTA (black) curves for NaLi-1 from room
temperature to 900 °C under N, atmosphere.



IV. FT-IR spectrum

A comparison of the FT-IR spectra of NaLi-1 and Na,TeO; (Fig. S5) suggests that the prominent
absorption band at 835 cm™! as well as the peaks at 1473, 1460 and 1385 cm™! belong to vibrations
of Te-O and O-Te—Na bonds. The band at 931 cm™! is characteristic for terminal W=0O bonds,
while the peaks at 877, 698, 595, 484, 456 and 410 cm™! could be attributed to W—O-W and W-O—

Te vibrations.
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Fig. SS. FT-IR spectra of NaLi-1 (blue) in comparison with that of Na,TeO; (green)



V. UV-Vis spectra

The UV-Vis spectra of NaLi-1 in aqueous solution show only one absorption maximum in the UV
region at around 185 nm, that corresponds to the ligand to metal charge transitions of the W—O and
Te—O bonds (Fig. S6).

The spectrum remains unchanged for at least 15 h (see Fig. S7).
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Figure S6. Room temperature UV-Vis spectrum of NaLi-1 in H,O (¢ values are averaged from the
spectra of the solutions with concentrations between 5.85x107 M and 1.17x10-¢ M).
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Figure S7. Time evolution of room temperature UV-Vis spectra of a 8.15x10~7 M NaLi-1 solution
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VI. Comparison of the ionic and crystal radii for Te!Y and WV! ions

Table S2. Tonic and crystal radii for Te'Y and WV! according to R. D. Shannon.”

Ton Coordination number Ionic radius / A Crystal radius / A
wVI 6 0.60 0.74
TelV 3 0.52 0.66
TelVv 4 0.66 0.80
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VII. Comparison of known Te-containing POMs

Table S3. Summary of the tungstotellurite polyanions and an organotellurium(IV)-containing

polyoxometalates known to date.?

Polyanion pH of the synth. medium | Te : W ratio | Reference
Homometallic derivatives

[HyTessW73037,]30 7.5 1:1.625 this work

[Te1oWas0118]1*% 7.0 1:2.8 8

[TegW50115]2¢ 7.0 1:3.1 8

[TegWagO12]* 7.0 1:35 8

[HyTesW2Ogo]?* 7.5 1:5 9

[TesW51075]'% 4.6 1:7 10

[TesWes0p04]3% 4.6 1:8 10

[Te,W16055(OH), ] 14 5.7 1:8 11

[Te;W 17061112 5.7 1:85 11

[Te;W13062(OH), ] 10~ 5.7 1:9 11

[TeWqOs3]* ? 1:9 4

[NaTeW;50s54]"3~ 7.5 1:15 9

[HyPsTesWe40204]32 4.0 1:16 12

[H3TeW,50¢0]>~ ? 1:18 13

Heterometallic derivatives®

[Pd"sTe19W420190]40- 5.6 1:2.2(1) 14

[Cull 4 TeVg0,5(B-a-SiWo034)4]%8~ 8 1:3.6 15

[Ln'5(H,0)4(L),W20s][(Ln(H,O)W,(HL

(o = Lo, Co, N S s HL = 2. os | 1o

picolinic acid)

{[Sn'V(CH;3)W,04(isonicotinate)][(B-a-

TeWg0;,)Ln(H,0)(0OAc)]5}22(Ln = 4.5 1:10 17

Ce!ll, Prill, N, Sm!ll, Eulll, Gd!!L, Tb!l!)

[{M'L(H20)}2(WO2)2(B-B-TeWoO33),]"

(L = IH-imidazole-4-carboxylate, M = 4.75 1:10 18

Mn, Co)

[Te;W20070{Re(CO)3},]'% 2.94 1:10 19
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[{(TeO3)W 1034} s {Celllg(H,0)0} -

5.0 211 20
(WO2)4(W4012)]*%
[CCIH]0T68W380298(OH)12(H20)40] 18- 4.5 11 21
[Ln',(OH)(B-a-TeW;023)Sny(CHs)y 6.5 12 99
(Ws015)]2'* (Ln = Er, Yb, Ho, Y) ' '
[Hi0AgisCl(TesW350134)2]%- 4-45 : 12.6(6) 23
[Hi3Ag15C1(TesW330134)2]%% 4-45 : 12.6(6) 23
{[H15Ag1sCl(TesW3g0134)2] } >4 4-45 : 12.6(6) 23

Organotellurium(IV) derivative

[(C4HgTe')3(XW9033),]'* 7 s . 04
(X = As'l, Sy . .

4 Sorted with decreasing Te : W ratio

b The {TeW033} complexes of the {M,(TeWs),} type with various heterometals are not included.
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