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Figure S2. Top two ampoules: Single crystals and bulk material of H2[B2(SO4)] (starting materials: 200 mg B,O3
and 0.4 mL SOs); Bottom two ampoules: Liquid product of an identical reaction as performed for the first two
ampoules, however with exactly 0.1 mL less SO (starting materials: 200 mg B,O3z and 0.3 mL SOs). .



Figure S3. Destroyed polyacetate foil after 10 minutes contact of crystals of Hz[B2(SO.).] for PXRD.

Figure S4. Single crystals of Cd[B2(SOs4)2] under a polarization microscope.
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Figure S5. Rietveld refinement of the powder X-ray diffraction pattern of Cd[B2(SQ.),] prepared by synthesis
method I.
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Figure S6. Rietveld refinement of the powder X-ray diffraction pattern of Cd[B2(SO.).] prepared by synthesis

method I1; details are found in table S1.



Table S1. Crystal data and structure refinements of Cd[B2(S0.)4] determined from powder XRD data

via Rietveld refinement

M /g mol™?
Temperature / K
Space group

a/pm

b/pm

c/pm

pl°

Volume / 10° pm?

z

Pealcd | g €M
Radiation; wavelength A/ A
Diffractometer

@ range / deg
Observed reflections
Refined parameters

RBragg

518.26

298(2)

P2./n (no. 14)
809.25(1)
797.00(1)
938.48(2)
109.857(1)
569.31(1)

2

3.02

CuK,; 1.54184
Bruker D8 Advance
2.5-40

350

67

0.010

0.014

0.021

2.35




Table S2. Crystal data and structure refinement for H[B2(SO4)4].

Formula weight
Temperature/K

Crystal system

Space group

a/ A

b/ A

c/ A

al °

pl°

e

Volume/ A

VA

peaicdd g cm3

Absorption coefficient/ mm
F(000)

Crystal size/ mm?3

26 range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 4
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [1>24(1)]

Final R indexes [all data]

Largest diff. peak/hole/ e /A3

CSD number

203.94
173(2)
triclinic
P1 (no. 2)
7.7014(7)
8.5004(8)
8.7264(8)
92.41(1)
97.85(1)
90.31(1)
565.39(9)
2
2.396
0.942
408
0.1 x 0.095 x 0.09
4.710 75.8°
-13<h<13;-14<k<14;-15<1<15
46145
6113 [Rin = 0.0366]
100%
multi-scan
Full-matrix least-squares on F2
6113/0/ 208
1.039
R; = 0.0252; wR, = 0.0683
R; =0.0302; wR, = 0.0707
1.03/-0.62
2207483




Table S3. Fractional atomic coordinates (x10%) and equivalent isotropic displacement parameters
(A?x10°) for Hz[B2(S04)4]. Ueq is defined as 1/3 of the trace of the orthogonalized Uj; tensor.

atom X y z Ueq
S1 8091.1(3) 11403.3(2) 1847.5(2) 8.49(4)
S2 3384.1(3) 9208.8(3) 3498.1(2) 8.67(4)
S3 8153.1(3) 6405.3(2) 3943.5(2) 7.52(4)
S4 3277.6(3) 4503.0(2) 1140.9(2) 8.50(4)

B1 6876(1)  9374(1)  3787(1) 8.5(1)
B2 6799(1)  4314(1)  1656(1) 8.8(1)
o1 7099(1)  10394(1) 569.9(9) 20.3(2)
02 9741(1)  11942(1)  1569(1) 18.1(1)

03 8202.6(9) 10418.6(8) 3241.4(8) 10.6(1)
04 7204.9(9) 9429.5(8) 5469.5(8) 10.9(1)
05 7154.5(9) 7757.4(8) 3195.9(8) 10.7(1)
06 5140.2(9) 9852.8(8) 3096.2(8) 10.3(1)
07 2176(1)  9192.1(1) 2092.8(8) 16.0(1)
08 3635(1) 7808.3(8) 4320.6(9) 13.4(1)
09 9845.6(9) 6802.4(9) 4689.8(9) 14.5(1)
010 6952(1) 5694.2(9) 4942.8(9) 14.4(1)
O11 | 8222.6(9) 5273.7(8) 2584.5(8) 10.0(1)
012 7147(1)  4219.1(8) 52.8(8) 11.3(1)
013 | 6862.1(9) 2702.4(8) 2223.4(8) 11.9(1)
014 2129(0)  4832.4(1) 2279.4(8) 14.8(1)
015 3280(1) 2986.0(8) 402.5(9) 15.9(1)
016 | 5130.5(9) 4996.2(8) 1914.7(8) 10.7(1)
H1 7380(30) 10550(30) -280(30)  53(7)
H2 7340(30)  5560(30) 5850(30)  58(8)




Table S4. Anisotropic displacement parameters (A2x10%) for H[B2(SO.)s]. The anisotropic
displacement factor exponent takes the form: -2n?[h?a*2Uy1+...+2hkaxbxU;.]
atom Un U2 Uz U2 Uiz U

s1 11.17(8) 5.45(8) 9.52(8) 1.22(6) 3.52(6) 0.16(6)
S2 9.99(8) 9.20(8) 6.75(8) -0.58(6) 1.21(6) 0.61(6)
S3 8.78(8) 6.05(8) 7.48(8) 0.20(6) 0.26(6) 0.46(6)
sS4 9.45(8) 8.54(8) 7.72(8) 0.87(6) 1.77(6) -1.10(6)
B1 10.7(3) 6.8(3) 8.1(3) 09(3) 1.9(3)  14(3)
B2 106(3) 7.2(3) 86(3 09(3) 133 1.3@3)
o1 33.9(4) 17.0(3) 10.1(3) -4.4(2) 52(3) -10.2(3)
02 12.8(3) 17.0(3) 26.7(4) 85(3) 85@3) 0.6(2
03 11.8(3) 9.0(2) 11.2(3) 432 14(2) -0.1(2)
04 152(3) 10.1(3) 7.4(2) 022 21Q2) 42(2
05 16.6(3) 5.6(2) 9.4(2) 082 022 2902
06 10.02) 10.9(3) 105(2) 3.7(2) 222 12(2)
07 13.9(3) 25.0(4) 82(3) -21(2) -14(2) 0.2(3)
08 17.3(3) 8.2(3) 154(3) 192 412 -0.4(2)
09 112(3) 15.1(3) 156(3) -22(2) -3.0(Q2) -15(2)
010 | 15.0(3) 18.2(3) 10.6(3) 58(2) 272 -18(2)
011 9.6(2) 9.0(2) 108(2) -3.3(2) 0.85(19) 1.4(2)
012 | 162(3) 104(3) 7.6(2) 202 232 4.0(2
013 | 14.9(3) 7.02) 150(3) 3.4(2) 56(2) 3.0(2)
014 | 124(3) 232(3) 9.9(3) 2720 46(2) -03(2)
015 | 20.8(3) 8.1(3) 18.03) -1.6(2) 04(3) -2.3(2)
016 86(2) 107(3) 120(3) -1.9(2) 00(2) 15()




Table S5. Experimental bond lengths for Hz[B2(SOa)4].

atom atom | bond length/ A

SI 01 | 1.4975(8)
S1 02 | 1.4040(8)
S1 03 | 1.4985(7)
Sl 013! | 1.5128(7)
S2 042 | 1.5449(7)
S2 06 | 1.5457(7)
S2 07 | 1.4339(8)
S2 08 | 1.4164(7)
S3 05 | 1.5078(7)
S3 09 | 1.4078(7)
S3 010 | 1.4969(7)
S3 011 | 1.5022(7)
S4 0123 | 1.5420(7)
S4 014 | 1.4381(7)
S4 015 | 1.4172(8)
S4 016 | 1.5410(7)
03 Bl 1.489(1)
04  BI1 1.455(1)
05 Bl 1.474(1)
06 Bl 1.457(1)
o1l B2 1.488(1)
012 B2 1.459(1)
013 B2 1.475(1)
016 B2 1.454(1)

Lix,14y,+2; 21-X,2-y,1-z; 31-x,1-y,-z



Table S6. Experimental bond angles for Hz[B2(SO4)4].

atom atom atom angle/’ atom atom  atom angle/’
o1 S1 03 104.51(4) 015 S4 016 111.20(4)
o1 S1 013! 106.30(5) B1 03 S1 130.74(6)
02 s1 o1 115.48(5) B1 04 522 123.75(6)
02 S1 03 112.47(5) B1 05 S3 131.15(6)
02 S1 013! 114.05(5) B1 06 S2 125.44(6)
03 S1 013! 102.82(4) B2 O11 S3 129.96(6)
042 S2 06 101.95(4) B2 012 S43 125.82(6)
07 S2 o4 105.57(4) B2 013 S14 127.11(6)
07 S2 06 106.33(4) By 016 S4 128.21(6)
08 S2 042 111.23(4) 04 B1 03 107.22(7)
08 S2 06 111.18(4) 04 B1 05 109.21(7)
08 S2 o7 119.06(5) 04 B1 06 116.30(7)
09 S3 05 114.60(4) 05 B1 03 107.82(7)
09 S3 010 115.43(5) 06 B1 03 108.41(7)
09 s3 o1 111.38(4) 06 B1 05 107.59(7)
010 S3 05 105.37(4) 012 B2 011 108.14(7)
010 s3 o011 107.01(4) 012 B2 013 107.70(7)
011 S3 05 101.88(4) 013 B2 0o11 108.74(7)
014 S4 0123  104.38(4) ooos B2 o1 108.04(7)
014 S4 016 106.03(4) ooos B2 012 115.89(7)
015 sS4  012°  111.13(4) 0006 B2 013 108.16(7)
015 S4 014 120.23(5)

Lix,14y,+2; 21-X,2-y,1-7; 31-X,1-y,-Z; “4+X,-1+y,+z



Table S7. Hydrogen bonds in Hz2[B2(SO4)4].
D H A dD-HYA dH-AYA dD-A/A D-H-A"
01! Hl O7? 0.82 1.69 2.501(1) 175.9
010 H2 0143 0.82 1.68 2.491(1) 172.2

11-x,2-y,1-z; 2x,y,1+z; ®1-x,1-y,1-z

Figure S7. Asymmetric unit of H2[B2(S0O.)4]. The thermal ellipsoids are set on 90% probability level. (Symmetry
operators: 1-x,1-y,-z; 2+x,1+y,+2).



Table S8. Crystal data and structure refinement for Cd[B2(SO4)4] determined from single-crystal XRD.

Formula weight
Temperature/K

Crystal system

Space group

a/ A

b/ A

c/ A

pl°

Volume/ A

VA

peaicd g cm3

Absorption coefficient/ mm
F(000)

Crystal size/ mm?3

26 range for data collection
Index range h|k||
Reflections collected
Independent reflections
Completeness to
Absorption correction
Refinement method
Data/restraints/parameters
Goodness-of-fit on F2
Final R indexes [I>2a(1)]
Final R indexes [all data]
Largest diff. peak/hole/ e /A3
CSD number

518.25
173(2) 250(2)
monoclinic
P2:/n (no. 14)
8.061(1) 8.076(1)
7.9599(5) 7.975(19
9.405(1) 9.395(1)
109.96(1) 110.01(2)
567.2(1) 568.6(2)
2
3.035 3.027
2.765 2.76
500 500
0.172 x 0.06 x 0.06 0.05 % 0.04 x 0.02
5.8-82.6° 5.8-67.0°
+14|+14|+17 +11[+11[+12
56664 23626
3799 2230
100%
multi-scan

Full-matrix least-squares on F2

3799/0/ 107
1.138

R: =0.0143; wR2 = 0.0379
R: =0.0163; wR2 = 0.0386
0.705/-0.448
2176209

2230/0/ 106
111
Ry =0.030; wR> = 0.064
Ry =0.043; wR2 = 0.067
0.87/-0.86
2171676




Table S9. Fractional atomic coordinates (x10%) and equivalent isotropic displacement parameters
(A?x10°) for Cd[B2(S04)4] at 173 K. U is defined as 1/3 of the trace of the orthogonalized Uj; tensor.

atom X y z Ueq
Cd1 5000 0 5000 6.68(2)
B1 6370(2) 4713(2) 3582.6(9) 7.1(2)

s1 7930.02) 1735.3(2) 3463.0(2) 6.84(3)
S2 3099.2(2) 4184.0(2) 3600.0(2) 5.49(3)
O111 | 6500.1(8) 3088.9(7) 2926.9(6) 10.16(8)
0121 | 4457.4(8) 5103.6(7) 3087.5(7) 8.12(8)
0122 | 2799.1(8) 5387.4(7) A4747.4(6) 8.46(8)
O11 | 7308.9(9) 474.9(9) 4265.3(8) 15.02)
012 | 9621.7(8) 2406.2(9) 4229.3(8) 16.9(2)
021 | 3788.7(8) 2618.7(7) 4306.4(6) 9.58(8)
022 | 1496.6(8) 4105.1(8) 2337.2(6) 12.26(9)
0112 | 7744.0(8) 1061.4(8) 1897.8(6) 11.13(9)

Table S10. Anisotropic displacement parameters (A?x10°%) for Cd[B2(SO4)4] at 173 K. The anisotropic

displacement factor exponent takes the form: -2n?[h?a*?Uy1+...+2hkaxbxUs;].

atom Uu Uz Uss Uzs Uis U
Cdl 792(3) 6343 552(3) 0192 1962  051(2)
B1 9.13) 65(2) 732 01Q2)  49(2) 0.0(2)
s1 706(6) 8.05(6) 6.70(6) -1.02(5) 4.03(5)  0.20(5)
s2 6.68(6) 528(6) 450(5) 059(4) 1.92(4)  0.19(4)
0111 | 109(2) 88(2) 1082 -292)  36(2) 28(2)
0121 89(2) 782 952 27(2)  54() 1.0(2)
0122 | 1222) 822 652 052  50(2) 3.1(2)
o011 1712)  153(3) 175(3) 64(2) 12202)  22(2)
012 88(2) 203(3) 193(3) -52(2) 2.1(2) 31(2)
021 1312)  5202) 11.0Q2) 242  47(2) 17(2)
022 1042) 162(2) 7.002) 232 -122) 282
0112 | 146(2) 127(2) 732 -162)  52(2) 5.5(2)




Table S11. Wyckoff symbol, atomic coordinates X; y; z and equivalent isotropic displacement
parameters Ueq in A? for Cd[B2(S04)4] at 250 K.

Atom  Wyckoff symbol X y z Ueq
Cd1 2a 0 0 0 0.00981(7)
S1 4e 0.18967(7) 0.41774(7) 0.14024(6) 0.00795(11)
S2 4e -0.29299(8) 0.17394(7) 0.15331(7)  0.01002(11)
011 4e 0.1507(2) -0.0900(3) 0.2337(2) 0.0170(4)
012 4e 0.1211(2) 0.2612(2) 0.0700(2) 0.0134(3)
013 4e 0.2190(2) 0.5381(2) 0.0247(2) 0.0118(3)
014 de 0.0544(2) 0.5097(2) 0.1916(2) 0.0116(3)
021 4e -0.4611(3) 0.2402(3) 0.0757(2) 0.0241(4)
022 4e -0.2297(3) 0.0485(3) 0.0745(3) 0.0213(4)
023 4e -0.2759(2) 0.1071(2) 0.3100(2) 0.0153(4)
024 4e -0.1515(2) 0.3096(2) 0.2069(2) 0.0144(4)
B1 4e -0.1375(4) 0.4715(3) 0.1417(3) 0.0101(5)

Table S12. Anisotropic displacement parameters U;; in A2 for B-Cu[B2(SQ4)4] at 250 K.

Atom Uit U2 Uss U2z Uiz U

Cdl 0.01152(11) 0.00943(10) 0.00798(11) -0.00031(9)  0.00269(8)  -0.00072(9)
S1  0.0096(2)  0.0078(2)  0.0064(3) -0.00082(19)  0.0027(2)  -0.00035(18)
S2  00103(2)  00118(2)  0.01003)  0.0015(2) 0.0060(2)  -0.00038(19)

Ol11  00156(9)  0.0214(9)  0.0104(9)  0.0037(7)  -0.0004(7)  -0.0024(7)

012 001758  0.0077(7)  0.0157(9)  -0.0021(7)  0.0065(7)  -0.0018(6)

013  00168(8)  0.0099(7)  0.0100(8)  -0.0011(6)  0.0064(7)  -0.0042(6)

Ol4  00139(8)  0.0106(7)  0.0124(8)  -0.0038(7)  0.0073(7)  -0.0009(6)

021  0.0150(9) 0.0285(11)  0.0255(12)  0.0067(9) 0.0029(8) 0.0033(8)

022  0.0247(10)  0.0208(9)  0.0254(11)  -0.0083(8)  0.0178(9)  -0.0038(8)

023  00182(9)  0.0188(9)  0.0098(9)  0.0014(7) 0.0061(7)  -0.0084(7)

024  00161(8)  0.0126(8)  0.0142(9)  0.0049(7) 0.0049(7)  -0.0029(7)
Bl  00122(11) 0.0095(12) 0.0106(12)  0.0011(9)  0.0064(10)  -0.0004(8)




Table S13. Selected interatomic distances /pm and angles /deg in Cd[B2(SO4)4] at 173 K, 250 K and

300 K determined by single crystal XRD and Rietveld refinement, respectively; the respective

standard deviations are given in parentheses.

Distance / angle

173 K (SC-XRD)

250 K (SC-XRD)

300 K (Rietveld)

Cd-0
YIR(Cd-0)3
S-0
TIR(S-0)3
B-O
YIR(B-O)3
0-S-0
0-B-0O

222.77(6)-229.98(6)
220
141.19(7)-153.19(6)
147
144.5(2)-148.4(2)
146
96.59(3)-116.46(4)
105.75(6)-114.45(6)

222.9(2)-230.0(2)
220
140.6(2)-152.8(2)
147
144.3(3)-148.9(3)
146
96.8(1)-116.4(1)
105.8(2)-114.7(2)

222.7(6)-228.4(5)
220
1.37(1)-154(1)
147
141(1)-151(1)
146
97.7(3)-117.2(3)
103.7(6)-114.1(9)
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Figure S8. Extended asymmetric unit of Cd[B2(S0O.)4]. The thermal ellipsoids are set on 90% probability level.
(Symmetry operators: 1-x, -y,-z; 2-1/2-x,1/2+y,1/2-z; 2--x,1-y, Z; Yo-X, Yoty, Y2-2)
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Figure S9. Layers in Cd[B2(SO4)2] formed by corner and edge sharing supertetrahedra B(SO4)4 resulting in
sechser rings with the cations located inside and corner sharing dimers of supertetrahedra; supertetrahedra

light green, cadmium atoms grey, sulfur atoms yellow; oxygen atoms are omitted.
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Figure S10. Comparison of both anionic networks just displaying the B (red) and S atoms (yellow) for better
clarity viewed along the vierer rings; Cd[B2(S0O4).] (top) and Hz[B2(SO4).] (bottom) show the same topology but

very different conformations, thus preventing a simple and reasonable group-subgroup relationship according to a

Barnighausen scheme.



Table S14. Electrostatic calculations Hz[B2(SQ4)4] and Cd[B2(SO4)4].1-4

H2[B2(SOu)a] H20 + B,O; + 4 SO3

MAPLE = 147036 kJ mol * MAPLE = 146662 kJ mol
(A =0.25%)

Cd[B(SOu)q] CdSO4 + B,0s + 3 SO;

MAPLE = 146705 kJ mol * MAPLE = 146270 kJ mol

(AFehler! Textmarke nicht definiert. = 0.30%)

Table S15. ECon derived by MAPLE-calculations for cadmium atoms in Cd[B2(SOa4)4] using our data at 250 K

Atom X y z Distance / pm Econ(1) Econ(2)
Central atom
Cd1 0 0 0
Ligand
022 0.2297 -0.0485 -0.0745 222.932 1.059 1.059
022 -0.2297 0.0485 0.0745 222.932 1.059 1.059
o11 -0.1507 0.09 -0.2337 223.352 1.047 1.048
011 0.1507 -0.09 0.2337 223.352 1.047 1.048
012 -0.1211 -0.2612 -0.07 229.949 0.873 0.873
012 0.1211 0.2612 0.07 229.949 0.873 0.873
Next Ligand

024 0.1515 -0.3096 -0.2069 360.545 0 0




Table S16. ECon derived by MAPLE-calculations for cadmium atoms in Mn[B2(SO4).] using the data from
[5].

Atom X y z Distance / pm Econ(1) Econ(2)
Central atom
Cd1 Y 0 Y
Ligand
04 0.2847 -0.0442 0.5791 213.878 1.069 1.07
04 0.7153 0.0442 0.4209 213.878 1.069 1.07
o7 0.651 0.0985 0.7226 213.996 1.066 1.067
o7 0.349 -0.0985 0.2774 213.996 1.066 1.067
06 0.6168 -0.2549 0.5732 222.767 0.826 0.827
06 0.3832 0.2549 0.4268 222.767 0.826 0.827
Next Ligand
01 0.654 0.3129 0.2956 360.2 0 0

Table 17. Comparison of CShM values of the coordination polyhedra surrounding B, S and M atoms in all
currently know phyllosilicate analogous borosulfates with the general composition M[B2(SO4)4] with M = 2 H,
Mn, Ni, Mg, Zn, Co, Cd and Ca.

M | 2H" Mn¥ N “Mg¥ PMg¥ zZn* “Co* PCo* Cd*  Ca*

S1 | 0.161 0354 0.176 0.107 0108 0.270 0.168 0.268 0.325 0.130
S2 | 0193 0116 0.114 0278 0.165 0103 0.111 0.103 0.112 0.172

S3 | 0.174 - - - - - - - - 0.133
S4 | 0.234 - - - - - - - - 0.155
Bl1 | 0.099 0.168 0.065 0.107 0.060 0.416 0.063 0.419 0.162 0.173
B2 | 0.091 - - - - - - - - 0.154
M - 0091 0.176 0.094 0100 0.205 0.158 0.226 0.141 1.839**

** All coordination spheres of the metal cations except Ca?* may be described as idealized octahedra and their CShM deviation is given. For Ca?* the deviation of
an ideal trigonal dodecahedron is given.



Figure S11. Excerpt of a single layer of Hz[B2(S0Os4)2] viewed along the layer with the Hirshfeld-surface around

one zwolfer-ring in the dnorm-mapping.

Figure S12. Excerpt of a single layer of H2[B2(SO.).] viewed perpendicular to the layer with the Hirshfeld-surface

around one zwolfer-ring in the dnerm-mapping.
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Figure S13. IR-spectrum of Cd[B2(SO4),].
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Figure S14. UV-Vis spectrum of Cd[B2(SO4)2].
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Figure S15. PXRD pattern of Cd[B2(S0O4)2] decomposed due to the presence of moisture compared to a
calculated pattern for CdSQ,4-H,0.1!
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