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Instrumentation

Centrifugation was achieved by a Changsha Xiangzhi, model CLN-16 centrifuge equipped with rotor 6x50
mL, operating at 6000 rpm. SEM (scanning electron microscopy) images were obtained using Hitachi
TM3000 TableTop SEM. Energy-dispersive X-ray spectroscopy (EDS) was performed on a Hitachi TM3000
TableTop SEM with a Bruker QUANTAX 70 EDS equipment with results reported as the ratio of the heavy
elements. Elemental analyses (CHN/S) were obtained using a EuroVector EA3000 Elemental Analyser. FTIR
spectra were recorded on a Bruker Vertex 80 as KBr disks. X-ray powder diffraction (XRPD) patterns were
recorded on a Tongda TD-3700 diffractometer (CuKa. radiation A = 1.54178 A, Ni filter, linear detector
Dectris Mythen2 1D). The thermal properties were studied on a Thermo Microbalance TG 209 F1 Iris from
25 to 950°C at the heating rate of 10°C min™! in He flow (30 mL min=). XPS analysis was executed
employing an X-ray photoelectron spectrometer FLEXPS equipped with an electron energy analyzer
Phoibos 150 and delay line electron detector. All measurements were conducted using monochromatic
Al Ka irradiation. The electron pass energy utilized was 20 eV, and to counteract the charging effect, low-
energy electron beam irradiation was applied to the samples. The calibration of binding energies was
referenced to an internal standard with the Cls peak set at 285.0 eV. Distinguishing the contributions
from different atoms was achieved through spectral fitting utilizing mixed Lorentzian-Gaussian
symmetrical components in CasaXPS.

Optical diffuse reflectance spectra (DRS) were recorded on a Shimadzu UV-vis-NIR 3101 PC
spectrophotometer equipped with an integrating sphere and interpreted based on the Kubelka-Munk
theory. Corrected luminescence spectra were recorded on a Fluorolog 3 Horiba Jobin Yvon spectrometer
with a cooled PC177CE-010 photon detection module (R2658 photomultiplier) and two Czerny-Turner
double monochromators. The measurements were conducted using both continuous (450 W) and pulsed
(FWHM pulse time 3 us, 50 W) Xe-lamps. Absolute value of luminescence quantum vyield (A, = 400 nm)
was obtained using Quanta-¢ device of Fluorolog 3.

Ultrasonic treatment was conducted utilizing a "Sapphire" ultrasonic bath with an ultrasound power of
150 W and a frequency of 35 kHz. The particle size and morphology were characterized by TEM
(transmission electron microscopy) with a Libra 120 microscope (Zeiss) at an acceleration voltage of 60
kV. Free image software “Imagel)” was used for particle size measuring. Visible-light irradiation in
photodegradation experiments was performed using a spot light source L8253 (Hamamatsu) with a range
of 400-800 nm and intensity of approximately ~40 mW cm=2. UV-light irradiation was performed with a
Hamamatsu Photonics light-emitting-diode (LED) head unit L11921-400 (A = 3655 nm, ~13 mW cm™)
used with a LED controller C11924-211. Absorption spectra were recorded on an Agilent Cary 60
spectrophotometer.

Crystal structure determination

Single-crystal X-ray diffraction data were collected at 150 K with a Bruker D8 Venture diffractometer with
a CMOS PHOTON Il detector and 1uS 3.0 microfocus source (MoK, radiation, A = 0.71073 A, collimating
Montel mirrors). Data reduction was performed routinely via APEX 3 suite.! The structures were solved
using the ShelXT? and were refined using ShelXL3 programs assisted by Olex2 GUI.* All hydrogen atoms for
the organic part were located in the geometrical positions and refined in the riding model. Structures of
1b and 2 reveal disorder of one of the [W¢015]?>~ anions over six equivalent positions, which were refined
in rigid body approximation. Single-crystal XRD patterns of compounds 1b and 2 showed rod-like diffuse
scattering along c* direction (Fig. S4 and S5), indicates the anions are not statistically disordered, but
feature some long-range order. Due to this feature, the structures reveal high residual electron density
and high R, factor. However, the quality of the structures is enough for discussing their main parameters.
Table S1 summarizes crystallographic data, while CCDC 2402991-2402993 contains the supplementary
crystallographic data for this paper. The data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.



http://www.ccdc.cam.ac.uk/data_request/cif

Emission quenching experiments

Prior to measurements DMSO solutions of [{Mglg}(DMSO)s](NO3)s and (BusN),[Ws015] were mixed giving
a specific cluster/POM molar ratios — 1/2, 1/4, and 1/8 for M = Mo and 1/0.5, 1/1, 1/1.5, and 1/2 for M =
W. The absorption of the resulting solutions at 355 nm was <0.1. Emission spectra of the solutions were
recorded using an Agilent Cary Eclipse Fluorescence Spectrophotometer. Using the data obtained, Stern-
Volmer (SV) plots were plotted in the form of 1o/l vs Cponm, and Stern-Volmer constants (Ksy) were
determined from linear approximation of the plots in accordance with well-known equation I/l =1 +
Ksv[Q]. lp is emission intensity in the absence of quencher and [Q] is quencher concentration.

DFT calculations

Density functional theory (DFT) calculations were carried out for [{Mglg}(DMSO)¢]* (M = Mo, W) cluster
cations and [W¢O45]?~ anion in theADF2023 software package.>® Optimization of geometric parameters of
the ionic compounds was performed with the B3LYP hybrid density functional,” Grimme D4 (EEQ)
dispersion correction,® and all-electron TZP basis set.’ Calculated IR-spectra of the compounds do not
contain imaginary frequencies. Single-point calculations were performed with the B3LYP hybrid density
functional, GrimmeD4 (EEQ) dispersion correction, and all-electron TZ2P basis set. Zero-order regular
approximation (ZORA)° for scalar relativistic effects and the conductor-like screening model (COSMQ)!
for the DMSO environment were used in all calculations.

Stability study

To study the stability of 1b and 2 under harsh conditions in aqueous media, the samples (100 mg) were
placed in 10 mL of water. One group was ultrasonicated for 2 h (T = 60°C), while another group was
irradiated with white light for 2 h. Third group was kept in 1 M H,SO, for 24 h. After the experiments, the
powders were centrifuged, washed with water, and dried in ambient conditions. XRPD patterns were
recorded to evaluate the preservation of the samples.

Photocatalytic experiments

The photocatalytic activity of 1b and 2 in photodegradation process was evaluated under white light
irradiation using rhodamine B (RhB) as model dye. 6, 12, or 24 mg of the catalysts were dispersed in 6 mL
of H,0 under ultrasonic treatment (15 min). After that, 6 mL of RhB solution (20 mg L™, 4.17x107°> M) was
added to the dispersion (Vigia = 12 mL, Cgpg = 2.1x107°> M) and stirred in dark for 1 h to reach adsorption-
desorption equilibrium. The resulting mixture was irradiated with white light (400-800 nm, ~40 mW cm™2)
or UV light (for C..t =1 mg mL, A = 36515 nm, ~13 mW cm~) under constant stirring. An aliquot (1 mL) was
collected every 2.5 min, centrifuged twice to remove catalyst, and then a UV-vis spectrum of the isolated
solution was recorded. The decrease in dye concentration was monitored by its characteristic optical
absorbance at 553 nm. The rate constants (ki) of the reactions were determined as zero-order kinetics
by linear approximation of the C vs t plot, where C is the concentration of RhB at specific t, t is the time at
which aliquots of solutions were taken.

Photocatalytic experiments with scavengers

To assess the activity of reactive species, standard photocatalytic experiments were carried out in the
presence of scavengers (C = 10 mM): Na,C,0, (h*), K,Cr,05 (e7), and ethylene glycol (EG, OH’). To evaluate
the contribution of O,", the reaction mixture was deaerated by bubbling argon gas for 10 minutes. The
relative activity (RA) was calculated using Equation (1).

k, ff(scav)

———— X 100%
keff(NS)



where k.¢(scav) is the effective rate constant in the presence of a specific scavenger and k.(NS) is the
effective rate constant in the absence of a scavenger. The rate constants were calculated using the same
method as described earlier.

Cyclic experiments

The water solution (12 mL) containing RhB (2.1x10> M) and the catalyst (1 g L) was irradiated under
constant stirring with white light for 40 min per run. After each run, whole dispersion was centrifuged,
and UV-vis spectrum of the solution was recorded. Then centrifuged powders were washed with water
and redispersed in 6 mL of water. 6 mL of RhB was added to the dispersion to adjust initial concentration
of dye and catalyst. In total, 5 cycles of photodegradation were conducted. After the cycling experiments,
the materials were characterized by XRPD to assess the preservation of the sample composition.

Fig. S1. General structure of octahedral Mg iodide cluster. Color code: gray — metal (Mo or W), pink —
iodine, red — apical ligands
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Fig. S2. XRPD patterns of [{Mglg}(DMSO)g](NOs)e.



Fig. S3. SEM images of 1b (a) and 2 (b).



Table S1. Crystallographic data, data collection and refinement parameters for 1a, 1b, and 2.

1a 1b 2
Empirical formula CioH36lsM0604sSgW12  CioHzglsM0604aSsW12  CiaH3gls044S6Wag
Formula weight 4873.81 4873.81 5401.27
Temperature (K) 150(2) 150(2) 150(2)
Crystal size (mm3) 0.17 x0.04 x 0.04 0.08 x0.06 x0.04  0.07 x0.03 x0.03
Crystal system Triclinic Trigonal Trigonal
Space group P1 P 31c P 31c
Z 2 2 2
Unit cell dimensions
a(A) 12.2540(3) 15.2662(7) 15.2684(8)
b (A) 12.4723(3) 15.2662(7) 15.2684(8)
c(A) 24.5269(6) 17.4257(12) 17.4210(13)
o(°) 75.5510(10) 90 90
B(°) 78.8620(10) 90 90
v (°) 75.8240(10) 120 120
Volume (A3) 3484.48(15) 3517.1(4) 3517.1(5)
Deateq. (g:cm3) 4.645 4.602 5.100
K. mm™t 24.556 24.328 33.062
0 range (°) 3.464 —59.15 3.08 — 55.854 3.08 - 54.964
-17<h<17 -20<h<20 -19<h<19
Indices ranges -17<k<17 -20<k<20 -19<k<19
-34<1<34 -22<1<522 -22<1<522
Reflections collected 61607 71158 39783
Independent reflections 19519 2813 2709
Data / restraints / 19519/12/844 2813/577/277 2709/463/277
parameters
RIF? > 20(F2)] R, =0.0363 R;=0.1158 R;=0.1113
WR; = 0.0773 WR, = 0.2625 WR, = 0.2674
R, =0.0497 R;=0.1204 R;=0.1264
R(F?) (all data) WR, = 0.0842 WR, = 0.2651 WR, = 0.2772
Goodness-of-fit on F? 1.031 1.205 1.203
DPrmax- DPmin (e-A3) 1.99/-2.50 9.05/-5.01 11.58/-4.33

Fig. S4. Unit cells of 1a (a) and 1b (b). Apical DMSO ligands and the disorder of POM are omitted for clarity.

Disorder of one of the POM anions in 1b over six proximate equivalent positions (c).



Okl hol hko
Fig. S5. Reciprocal space reconstructions for compound 1b, showing 0kl, h0l, and hkO layers (the thickness

of the layers of 0.10 A). Along c* direction, diffuse rod-like scattering is observed, which implies some
long-range order of the anions in one dimension along c*.

Okl/ hol hko
Fig. S6. Reciprocal space reconstructions for compound 2, showing 0kl, h0l, and hkO layers (the thickness

of the layers of 0.10 A). Along c* direction, diffuse rod-like scattering is observed, which implies some
long-range order of the anions in one dimension along c*.
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Fig. S7. XRPD patterns of initial 1a and 1a heated in DMSO at 100°C compared to calculated
diffractograms.



a b
s s
S ]
> >
= =
w (%]
c c
7] 7]
&= =t
£ £
1200 1000 800 600 400 200 0 1200 1000 800 600 400 200 0
Binding energy, eV Binding energy, eV
Fig. S8. XPS survey spectra of 1b (a) and 2 (b).
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Fig. S9. Comparison of emission spectra of 1a/lb vs [{Moglg}(DMSO)¢](NOs), (a) and 2 wvs
[{Wils{DMSO)e](NOs), (b).
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Fig. S10. TEM images of 1b (a) and 2 (b). Inserts are particle size analysis.
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Fig. S11. RhB sorption by 1b (a) and 2 (b) in the dark.
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Fig. S12. Absorption spectra of RhB solution before and after irradiation with white light (A = 400-800 nm)
in the presence of 1b at different concentrations — 0.5 (a) and 2 (c) g L™.. Linear approximation of C vs t
plots used for determination of ks for 1b (b, d).



2.00 -
d —— 0 min b 5
175 1.9 % 10°
=
5 1.50 g 1.8 % 105
:_ 1.25 - “
Q 1.7 x 10
£ 1.00- gl
£ 3
gors, £ 1.6%10° \
Q
< 0.50- g
O 1.5x10% 1 k 4 = 0.48x10™6 Mxmin™'
0.25 -
R?=0.9986
0.00 . . . . . r ) 1.4 x 10° : : : : : T
450 475 500 525 550 575 600 625 0 2 4 6 8 10
Wavelength, nm Time, min
1.75 1.8 x 107 -
c ——0 min d
150~ 2:5min s 1.5%10°
——5 min gl
s 1.251— 7.5 mi o
3 min £ 12x10%]
Z ~——— 10 min .
@ 1.00- o
[
= 6 9.0x10°
£ 0.75 ]
2 £ 6.0x10°
x 1054
< 0.50 ] g
=]
0.25 1 O 3,0 x 10 K. = 1.6x107 Mxmin™
R? = 0.99601
0.00 + T T T T T . | 0.0 T T T T T T
450 475 500 525 550 575 600 625 (] 2 4 6 8 10
Wavelength, nm Time, min

Fig. S13. Absorption spectra of RhB solution before and after irradiation with white light (A = 400-800 nm)
in the presence of 2 at different concentrations — 0.5 (a) and 2 (c) g L™. Linear approximation of C vs t
plots used for determination of k. for 2 (b, d).
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Fig. S14. Determination of RhB absorption coefficient at 533 nm.
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Fig. $15. The dependence of concentration of catalyst on the concentration of RhB after 1 h of sorption.
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Fig. $16. Absorption spectra of RhB solution before and after irradiation with UV light (A = 36545 nm) in
the presence of 1b (a) and 2 (c) during different time intervals. Linear approximation of C vs t plots used
for determination of k. for 1b (b) and 2 (d).
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Fig. S17. Decomposition of RhB in the presence of 1b (a) and 2 (b) during 30 min.

Table S2. Effective rate constants (k.s;) of RhB photodegradation under white light (A = 400-800 nm).

Ceat, 87 Kefx108, Mxmin=t

! 1b 2

0.5 0.94 0.48
1.0 (0.5%) 1.1(1.0%)
0.77 1.6

*activity under UV irradiation (A = 36515 nm, ~13 mW cm™?)

Table S3. Comparison of the efficiency of various heterogenous photocatalysts in photodegradation of
RhB under visible light.

Wavelength, nm

Chhe,

Catalyst

Volume, Irradiation Degradation

Catalyst (power) Mx10-° dose, g Lt mL time, min rate, % Ref
[{WGIS}(OI?)JVIST'OO)G][Wsow]2 @ Natural sunlight 2 :182
E\I\//Ivfr,)lﬁsl}s"}'1@@T)iOI2 2 (~30-35 mwW cgm-Z) 0> 02> 80 > ~100 N
O @N.Ti i

powPevo Cmmie| . %
NaBiO; Xe(';‘;g '\;‘U;"p 42 1 100 30 ~97 1
Bi205:Clo Xe(';gg |\7va 1 1 100 180 98.44 15
N-TiO,/rGO Xenon lamp 2.1 20 mg* - 90 78.29 16
Bi,WO; (;(g'::cv'imﬂ) 1 05 100 60 >95 v
Zn,,Ni,O Xe(ggg I\?\/Tp 21 0.25 100 150 ~100 1
Egﬁ’(“éj:f&[::)zmzigﬂ] Xflnggolw;p 6.3 03 50 300 89.6 0
PW,;Mn/D301R Meta('zhoa(;ia‘f)'amp 21 0.4 250 40 100 el
AgV50; Xe(ggg '\;’U)"p 2 2 50 180 97.56 2
Nd-POMCene Xe(';gg |\7va 6.3 0.15 100 60 100 2
H3PW1,040/TiO, Xe(’;gg '\7\/';"” 10 1.25 200 60 98 3
Ag;PO,/POM/GO" Xe(';gg I\;Tp 1 05 100 15 100 u
Pb;Nb,015/Fumed SiO, Xe(';gg |\7va 25 3 100 60 ~100 5

*Total volume is not specified

#POM is molybdophosphoric silver
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Fig. S18. Absorption spectra of RhB solution before and after irradiation with white light (A = 400-800 nm)
in the presence of 1b and various scavengers — Ar (a), ethylene glycol (b), K,Cr,05 (c), Na,C,0, (d).
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Fig. S19. C vs. time plots for photocatalytic degradation of RhB by 1b in the presence of different
scavengers — Ar (a), ethylene glycol (b), K,Cr,05 (c), Na,C,0, (d).
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Fig. S20. Absorption spectra of RhB solution before and after irradiation with white light (A = 400-800 nm)
in the presence of 2 and various scavengers — Ar (a), ethylene glycol (b), K,Cr,05 (c), Na,C,0, (d).
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Fig. S21. C vs. time plots for photocatalytic degradation of RhB by 2 in the presence of different scavengers
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