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1. Crystallography

Single crystal X-ray diffraction analysis was performed on a Bruker SMART APEX II diffractometer
using Cu-Ka radiation (A = 1.54178 A) at 173 K. APEX2, SaintPlus 6.01,! SADABS? and Olex2? were
used for indexing, data integration/reduction, absorption correction and refinement. Hydrogen atoms of

the organic ammonium cations were added as riding atoms theoretically. The crystallographic data are

list in the following table:

Table S1. The crystallographic data

Compound Tisb-CHexDA Tisb-BuDA Tisc-OcDA Tisc-HMTA
Formula unit C12HygN4O36S6Tiy CsHyaN4O36S6Ti4 Cs6H1145Cly sNgOysSg 5Ty H36050SsTis
CCDC number 1977579 1977578 1977580 1977581
Moieties (CsH6N,)2[T1404(OH,)s(S (C4H,4N,)1[T1404(OH,)5(S (CsH1oN5)4 5[ Tis04(OH,)4(SOs  [Ti404(OH,)4(SO4)s
04)4](SOy)» 04)4](SO4), )3](SO4)o5-1.5HCI-3H,0 Hg]- 10H,O
Formula weight 1208.4 1156.3 1911.0 1284.2
(g/mol)
Crystal system tetragonal tetragonal triclinic tetragonal
Space group (Nr.) [4/mcm [4/mcm P-1 1-42d
a(A) 13.7675(2) 13.8316(2) 15.4295(4) 24.0919(2)
b (A) 13.7675(2) 13.8316(2) 17.3585(5) 24.0919(2)
c(A) 20.9391(4) 20.2120(4) 18.1126(4) 23.1592(3)
a(°) 90 90 109.769(2) 90
B 90 90 90.193(2) 90
v(®) 90 90 109.105(2) 90
Volume (A3) 3968.88(14) 3866.82(14) 4278.1(2) 13442.1(3)
4 1 4 1 12
Density., (g/cm?) 2.022 1.959 1.482 1.892
Abs. Coeff. p (mm™)  10.700 10.944 6.253 10.586
Temperature (K) 173 173 173 173
Total reflections 5055 5413 42809 17257
Min-max 260 (°) 9.084 to 152.578 8.75t0 152.536 5.228 to 153.256 5.294 to 144.96
Unique reflections 1094 1080 16946 6388
R, [I>=25(1)] 0.0858 0.0995 0.1504 0.0439
wR; (all data) 0.1897 0.2269 0.4155 0.1175
Rint 0.0407 0.0393 0.1331 0.0328
Goodness of fiton F>  1.228 1.129 1.045 1.082
Parameters 131 149 987 401
Restraints 108 187 303 359
Largest diff. 0.78/-0.76 1.34/-077 1.65/-1.26 0.54/-0.46

peak/hole (e A3)




2. Additional characterization
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Figure S1. The Raman spectra of the {Ti;} compounds.
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Figure S2. The PXRD spectra of the {Ti4} compounds.
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Figure S3. The photos of the crystals.
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Figure S4. TGA data. The data were recorded on an SDT Q600 instrument from room temperature to

ca. 800 °C at a heating rate of 10 °C min-!, under high purity N, flow (100 mL min™").
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Figure S5. The 70O NMR spectra of Tizc-OcDA (ca. 0.10 M) dissolved in 1.0 M HCI or H,SO,.

Discussion. For above experiments, '’O-enriched Tisc-OcDA was first prepared using an "O-enriched
solution (5%). '7O-enriched Tigc-OcDA was then dissolved in 5% '7O-enriched 1.0 M HCI or H,SO,.
The concentration of Tisc-OcDA was ca. 0.10 M. Thus, the concentration of Ti*" was ca. 0.40 M. The
three peaks of u,-O suggest Tiyc decomposed in prior to the NMR measurements. Moreover, according
to the peak area analysis, the concentrations of w,-O are estimated to be 0.11 and 0.10 M in the two

solutions, respectively. The much lower concentrations of u,-O than that of Ti*" clearly indicate Tisc

decomposed.
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Figure S6. 70O NMR spectra of TiCly with and without added LiCl. It can be seen that LiCl leads to

little change to the speciation.

Figure S7. The packing diagram of {Ti;30,;} clusters in {Ti;3sO,7}-TBAC.* The TBA™ cations

assemble into a “honeycomb” for accommodating the {Ti,30,7} clusters, Cl~ anions and solvent H,O.

Figure S8. The packing diagram of {TisOg} cluster in Tig-TBAC.> The TBA* cations are organized into
hydrophobic shells and inside the shells are located the {TizOg} cluster, Cl-and solvent H,O.



Figure S9. The packing diagram of {TizOg} clusters in {TizOg}-NDS. The {TicOg} clusters are

separated by many one-dimensional chain-like fabrics of the assembled 2,7-naphthalenedisulfonate.
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