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Figure S1: Coordination environment of Mg?* in Mg(NH,SO;), -4 H,O (H atoms in white, N atoms in blue, O
atoms in red, S atoms in yellow, Mg atom in grey, covalent bonds as yellow sticks and coordinate bonds
as grey broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability
level).
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Figure S2: Hydrogen bonding pattern of Mg(NH,SO3), -4 HyO viewed along [010] (H atoms in white, N atoms
in blue, O atoms in red, MgO8 octahedra in grey, SO3N tetrahedra in yellow). Hydrogen bonds are
displayed as broken lines with colour coding as follows: N-H-::-Q,s in red, O-H--- Oy in violett, O-

H. .- Oy in light green, O-H---N in dark blue.



Figure S3: Hydrogen bonding pattern of Mg(NH,SO03), -4 HyO viewed along [100] (H atoms in white, N atoms
in blue, O atoms in red, MgO8 octahedra in grey, SO3N tetrahedra in yellow). Hydrogen bonds are
displayed as broken lines with colour coding as follows: N-H-::-Q,s in red, O-H--- Oy in violett, O-
H--- Oy in light green, O-H---N in dark blue.
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Figure S4: Coordination environment of Mg?* in Mg(NH,SO;), -3H,O (H atoms in white, N atoms in blue, O
atoms in red, S atoms in yellow, Mg atom in grey, covalent bonds as yellow sticks and coordinate bonds

as grey broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability
level).



Figure S5: Hydrogen bonding pattern of Mg(NH,SO03), -4 HyO viewed along [100] (H atoms in white, N atoms
in blue, O atoms in red, MgO8 octahedra in grey, SO3N tetrahedra in yellow). Hydrogen bonds are
displayed as broken lines with colour coding as follows: N-H---QOgq in red, N-H- - -N in light blue,
O-H- - - Oy in violett, O-H- - - Oy, in light green, O-H--- N in dark blue.



Figure S6: The unit cell of Ca(NHy,SO3), - HyO viewed along [100] (H atoms in white, N atoms in blue, O atoms
in red, SO3N tetrahedra in yellow, Ca atoms in grey, covalent bonds as yellow sticks and coordinate
bonds as grey broken lines).



Figure S7: Coordination environment of Ca?* in Ca(NH,;SO;), - Hy,O (H atoms in white, N atoms in blue, O atoms
in red, S atoms in yellow, Ca atom in grey, covalent bonds as yellow sticks and coordinate bonds as grey
broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability level).



Figure S8: Hexagonal packing of CaOg pentagonal bipyramids (shown in grey) bridged via SO3N tetrahedra (shown
in yellow).



Figure S9: AA layered dense packing of CaO bipyramids (shown in grey).



Figure S10: Hydrogen bonding pattern of Ca(NH,SOj3), - HyO viewed along [100] (H atoms in white, N atoms in
blue, O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines with
colour coding as follows: N-H--- O, in red, N-H--- N in light blue, O-H- - - O, in violett.



Figure S11: Hydrogen bonding pattern of Ca(NH,SOj3), - HyO viewed along [00 1] (H atoms in white, N atoms in
blue, O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines with
colour coding as follows: N-H--- O, in red, N-H--- N in light blue, O-H- - - O, in violett.



Figure S12: The unit cell of Sr(NH,SO3), -4 HyO viewed along [010] (H atoms in white, N atoms in blue, O atoms
in red, SO3N tetrahedra in yellow, Sr atoms in grey, covalent bonds as yellow sticks and coordinate
bonds as grey broken lines).



Figure S13: Coordination environment of Sr?* in Sr(NH,SO3),-4H,O (H atoms in white, N atoms in blue, O
atoms in red, S atoms in yellow, Sr atom in grey, covalent bonds as yellow sticks and coordinate bonds
as grey broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability
level)



Figure S14: Hydrogen bonding pattern of Sr(NH,SO3), -4 HyO viewed along [010] (H atoms in white, N atoms in
blue, O atoms in red, SO3N tetrahedra in yellow and SrOg antiprisms in grey). Hydrogen bonds are

displayed as broken lines with colour coding as follows: N-H---QO,4 in red, N-H--- Oy in dark green,
N-H---N in light blue, O-H-: - - O, in violett, O-H--- N in dark blue.



Figure S15: Hydrogen bonding pattern of Sr(NH4SO4), -4 HyO viewed along [001] (H atoms in white, N atoms
in blue, O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines
with colour coding as follows: N-H---QO,s in red, N-H:-- Oy, in dark green, N-H---N in light blue,
O-H: - - Oy in violett, O-H--- N in dark blue.



Figure S16: The unit cell of Sr(NH5SO03), - HyO viewed along [010] (H atoms in white, N atoms in blue, O atoms
in red, SO3N tetrahedra in yellow, Sr atoms in grey, covalent bonds as yellow sticks and coordinate
bonds as grey broken lines).



Figure S17: Coordination environment of Sr?* in Sr(NH,SO3), - H,O (H atoms in white, N atoms in blue, O atoms
in red, S atoms in yellow, Sr atom in grey, covalent bonds as yellow sticks and coordinate bonds as
grey broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability
level)



Figure S18: Hydrogen bonding pattern of Sr(NH,SO3),-H,O viewed along [010] (H atoms in white, N atoms
in blue, O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines
with colour coding as follows: N-H---O,s in red, N-H:-- Oy, in dark green, N-H---N in light blue,
O-H- -+ Oy in violett.



Figure S19: Hydrogen bonding pattern of Sr(NH,SO3),-H,O viewed along [100] (H atoms in white, N atoms
in blue, O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines
with colour coding as follows: N-H---O,s in red, N-H:-- Oy, in dark green, N-H---N in light blue,
O-H: - - Oy in violett.



Figure S20: The unit cell of 5-Sr(NH5S03), viewed along [001] (H atoms in white, N atoms in blue, O atoms
in red, SO3N tetrahedra in yellow, Sr atoms in grey, covalent bonds as yellow sticks and coordinate
bonds as grey broken lines).



Figure S21: Coordination environment of Sr*>* in 8-Sr(NH,SO3) (H atoms in white, N atoms in blue, O atoms in
red, S atoms in yellow, Sr atom in grey, covalent bonds as yellow sticks and coordinate bonds as grey
broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability level)



Figure S22: Zigzag chains of SrOg antiprisms condensed via edge.png-sharing in 8-Sr(NH,SO03), viewed along [1 0 0]
(H atoms in white, N atoms in blue, O atoms in red, SO3N tetrahedra in yellow, SrOg antiprisms in
grey and covalent bonds as yellow sticks).



Figure S23: Rod packing of zigzag chains of SrOg antiprims condensed via edge.png-sharing in 8-Sr(NH,SO03),
viewed along [001] (H atoms in white, N atoms in blue, O atoms in red, SO3 antiprisms in yellow,
SrOgN polyhedra in grey and covalent bonds as yellow sticks).



Figure S24: Hydrogen bonding pattern of 8-Sr(NH,S03), viewed along [010] (H atoms in white, N atoms in blue,
O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines with colour
coding as follows: N-H--- O, in red, N-H--- N in light blue.



Figure S25: The unit cell of a-Sr(NHy,SO4), viewed along [001] (H atoms in white, N atoms in blue, O atoms
in red, SO3N tetrahedra in yellow, Sr atoms in grey, covalent bonds as yellow sticks and coordinate
bonds as grey broken lines).



Figure S26: Coordination environment of Sr** in a-Sr(NH,SOj3), (H atoms in white, N atoms in blue, O atoms in
red, S atoms in yellow, Sr atom in grey, covalent bonds as yellow sticks and coordinate bonds as grey
broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability level)
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Figure S27: Zigzag chains of SrOgN polyhedra condensed via edge.png-sharing in a-Sr(NH,SO5), viewed along
[100] (H atoms in white, N atoms in blue, O atoms in red, SO3N tetrahedra in yellow, StOgN polyhedra
in grey and covalent bonds as yellow sticks).



Figure S28: Rod packing of zigzag chains of SrOgN polyhedra condensed via edge.png-sharing in a-Sr(NH,SO03),
viewed along [010] (H atoms in white, N atoms in blue, O atoms in red, SO3N tetrahedra in yellow,
SrOgN polyhedra in grey and covalent bonds as yellow sticks).



Figure S29: Hydrogen bonding pattern of a-Sr(NH,SO3), viewed along [010] (H atoms in white, N atoms in blue,

O atoms in red, SO3N tetrahedra in yellow). Hydrogen bonds are displayed as broken lines with colour
coding as follows: N-H--- O, in red, N-H--- N in light blue.



Figure S30: The unit cell of Ba(NH;S03), viewed along [00 1] (H atoms in white, N atoms in blue, O atoms in red,
SO3N tetrahedra in yellow, Sr atoms in grey, covalent bonds as yellow sticks and coordinate bonds as
grey broken lines).



Figure S31: Coordination environment of Ba?* in Ba(NH,SO3), (H atoms in white, N atoms in blue, O atoms in
red, S atoms in yellow, Ba atom in grey, covalent bonds as yellow sticks and coordinate bonds as grey
broken lines; displacement ellipsoids for all atoms but hydrogen correspond to 70% probability level)



Figure S32: Chains of BaO1oN polyhedra condensed via face.png-sharing in Ba(NH,SO3), viewed along [100] (H
atoms in white, N atoms in blue, O atoms in red, SO3N tetrahedra in yellow, BaO1gN polyhedra in
grey and covalent bonds as yellow sticks).



Figure S33: Chains of BaO1oN polyhedra condensed via face.png-sharing in Ba(NH,SO3), viewed along [001] (H
atoms in white, N atoms in blue, O atoms in red, SO3N tetrahedra in yellow, BaO1gN polyhedra in
grey and covalent bonds as yellow sticks).



Figure S34: Hydrogen bonding pattern of Ba(NH,S03), viewed along [001] (H atoms in white, N atoms in blue,
O atoms in red, Ba atoms in gey and SO3N tetrahedra in yellow). Hydrogen bonds are displayed as
broken lines with colour coding as follows: N-H-:--O,4 in red, N-H--- N in light blue.
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Table S2: Interatomic distances d (in A) and angles £ (in °) for hydrogen bonds between donor atom D
and acceptor atoms A in Mg(NH5S05),-4H,0 (1), Mg(NH5S05), - 3H,0 (2), Ca(NH4SO3),-4H,0
(3), Ca(NH5SO4), - HyO (4), Sr(NH5SO3)s - 4Hy0 (5), Sr(NH5SO3), - HyO (6), 5-Sr(NHSO5)s (7), a-
Sr(NH,S04), (8) and Ba(NH,SO5), (9).

D-H A d(H-A) £DHA d(D-A) D-H A d(H-A) «DHA d(D-A)

(1) (6)
NI-HN11 02 248  150.6  3.36 OW-HW2 022 193 1638  2.87
NI-HN11 03 243 1506  3.31 OW-HW2 022 193 1638  2.87
NI-HN12 02 220 1547  3.10 OW-HW1 021 195 1557  2.86
OWI-HWIl OW2 201 1681  2.82 NI-HI12 N2 231  137.0  3.10
OWI-HWI2 02 199 1619  2.75 OW-HW1 O11 233 1131  2.85
OW2-HW21 03 208 1532  2.74 N2-H22 012 246 1688  3.45
OW2-HW22 N1 211  159.7  2.90 NI-HI11 022 250 1191  3.11

N2-H21 OW 2.52 142.5 3.34
N2-H21 N1 2.53 128.1 3.23

(2) (7)

OW2-HW21 021 1.65 165.6 2.73 N1-H11  O11 1.93 108.7 244
OW1-HW12 012 1.80 171.6 2.74 N1-H12 N2 2.11 150.4 3.01
OW3-HW31 022 1.81 169.7 2.76 N1-H12  0O12 241 80.7 2.45
OW2-HW22 013 1.94 168.3 2.89 N1-H13 O11 2.27 129.4 3.13
OW1-HW11 N1 1.96 160.4 2.89 N1-H14 N2 2.51 110.5 3.03
OW3-HW32 OW1 2.04 161.0 2.97 N1-H14  0O13 2.34 89.1 2.54
N1-H12 012 2.07 164.9 3.02 N2-H21 O12 2.38 162.0 3.34
NI1-H11 N2 2.14 178.4 3.10 N2-H21 O11 2.38 133.4 3.15
N2-H22 021 2.18 152.7 3.06 N2-H21 021 2.50 80.0 2.53
N2-H21 022 2.21 146.7 3.06 N2-H22  0O12 2.33 156.1 3.26

N2-H22 023 2.36 84.1 2.46
N2-H22 013 2.38 137.7 3.18

3) (8)

OWI1-HW11 02 1.98 171.2 2.86 N1-H11 021 2.13 154.5 3.06
OW1-HW12 02 2.00 169.4 2.90 N1-H12 N2 2.20 144.3 3.06
OW2-HW21 OW1 2.10 167.3 2.96 N2-H22 023 2.34 149.2 3.23
N1-H12 01 2.11 159.2 3.05 N2-H22  0O13 2.42 122.6 3.06
N1-H11 Oow2 2.20 147.8 3.08 N1-H12 022 2.48 112.2 3.38
N1-H13 N1 2.25 155.5 3.17 N2-H21 023 2.54 73.0 244

NI-H12 012 255 752 249
(4) (9)

N1-H12 011 2.10 108.6 3.07 N1-H12  O13 2.14 143.3 2.99
OW-HW2 012 1.96 158.2 2.89 N2-H22 022 2.29 142.9 3.13
N2-H22 N1 2.28 153.1 3.19 N1-H11 023 2.29 161.0 3.23
OW-HW1 022 2.30 168.1 3.02 N2-H21 023 2.36 83.5 2.46
N2-H21 023 2.37 134.5 3.14 N1-H11 021 2.46 137.9 3.26
OW-HW1 021 2.42 133.7 3.17 N2-H21 O12 2.47 116.7 3.05
N1-H11 N2 2.61 148.4 3.48 N2-H21 023 2.55 1154 3.11

N1-H12 N1 2.58 118.5 3.17

()
OW2-HW22 Ol 2.06 166.5 2.89
OW2-HW21 Ol 2.07 170.4 2.87
OWI1-HW11 01 2.17 152.8 2.92
OW1-HW12 OW2 2.22 154.7 2.94
N1-H11 03 2.18 153.7 3.09
N1-H12 OwW1 2.22 158.1 3.15
N1-H13 N1 2.28 164.3 3.24
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Figure S35: X-ray powder diffraction pattern of Mg(NH,SOs3), -4 Hy,O shown in black compared with a calculated

pattern based on single-crystal data shown in red.
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Figure S36: X-ray powder diffraction pattern of Mg(NH,SOj3), - 3 HyO shown in black compared with a calculated

pattern based on single-crystal data shown in red.
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-4H,0 shown in black compared with a calculated

Figure S37: X-ray powder diffraction pattern of Ca(NH5SO3),
-H,0 are

pattern based on single-crystal data shown in red. Reflections belonging to Ca(NH5SO5),

marked with .
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Figure S38: X-ray powder diffraction pattern of Ca(NH,SOj3), - HyO shown in black compared with a calculated

pattern based on single-crystal data shown in red.
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Figure S39: X-ray powder diffraction pattern of Sr(NH,SO3),-Hy0O shown in black compared with a calculated

pattern based on single-crystal data shown in red.
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Figure S40: X-ray powder diffraction pattern of -Sr(NH3SOj3), shown in black compared with a calculated pattern

based on single-crystal data shown in red.
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Figure S41: X-ray powder diffraction pattern of a-Sr(NH,SOs3), shown in black compared with a calculated pattern

based on single-crystal data shown in red.
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Figure S42: X-ray powder diffraction pattern of Ba(NH5SO3)y shown in black compared with a calculated pattern
based on single-crystal data shown in red.
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Figure S43: X-ray powder diffraction pattern of a finely ground samle of Sr(NH,SOs3),

of six days on air.
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Figure S44: X-ray powder diffraction pattern of a sample of S-Sr(NH,SOs3),

T s T . T = T

40 50 60 70
201°

80

heated to 220°C shown in black

compared with a calculated pattern based on single-crystal data shown in red.
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Figure S45: FT-IR spectrum of Mg(NH,S03), -4 H,O.
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Figure S46: FT-IR spectrum of Mg(NH,S03), - 3 H,O.
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Figure S47: FT-IR spectrum of Ca(NH,S05;), -4 H,O.

T T T T T ' T : T T T
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers / cm™’

Figure S48: FT-IR spectrum of Ca(NH,S053), - HyO.
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Figure S49: FT-IR spectrum of Sr(NH,S03), - HyO.
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Figure S50: FT-IR spectrum of 8-Sr(NH,SOs3),.
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Figure S51: FT-IR spectrum of Ba(NH,S03),.
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Figure S52: Raman spectrum of Ca(NH,SO5), - HyO.
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Figure S53: Raman spectrum of Sr(NH,SO4), - HyO.
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Figure S54: FT-IR spectrum of a sample of 5-Sr(NH,S03), heated to 220°C (black line) compared with a FT-IR
spectrum of (NH,),SO, (red line).
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Figure S55: UV-Vis spectrum of Mg(NH,SO3), - 3H,O0.
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Figure S56: UV-Vis spectrum of Ca(NHy,SO3), - HyO.
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Figure S57: UV-Vis spectrum of Sr(NH,SO4), - H,O.
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Figure S58: UV-Vis spectrum of 5-Sr(NH5S05),.
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Figure S59: UV-Vis spectrum of Ba(NH5S05)s.
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Figure S60: TG curve of Mg(NH,SO3), -4 HyO.
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Figure S61: TG curve of Mg(NH,S03), - 3 H,0.
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Figure S62: TG curve of Ca(NH,S0;), -4 H,O.
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Figure S63: TG curve of Ca(NH,S03), - HyO.
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Figure S64: Room temperature isothermal thermogram of a single-crystal of Sr(NH,SO3), -4 H,O.
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Figure S65: TG curve of Sr(NH,SO3), - HyO.
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Figure S66: TG curve of Sr(NH,S05),.
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Figure S67: TG curve of Ba(NH,SO3),.
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Figure S68: X-ray powder diffraction pattern of the pyrolysis residue of Mg(NH4SO3), -4 HyO after TGA shown
in black compared with a calculated pattern of 5-MgSO, based on single-crystal data|3] shown in red.
Reflections belonging to a-MgSO,[4| are marked with a blue asterisk.
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Figure S69: X-ray powder diffraction pattern of the pyrolysis residue of Mg(NH4SO4), -3 HyO after TGA shown
in black compared with a calculated pattern of 5-MgSO, based on single-crystal data|3| shown in red.

Reflections belonging to a-MgSO,[4] are marked with a blue asterisk.
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Figure S70: X-ray powder diffraction pattern of the decompostion product of Ca(NH5SO;)s-4H,0 heated to
300 °C shown in black compared with a calculated pattern of synthetic calciolangbeinite K,Caq(SOy)s

based on single-crystal data|5] shown in red.
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Figure S71: X-ray powder diffraction pattern of the decompostion product of Ca(NH5SO5), - HyO after TGA shown
in black compared with a calculated pattern of synthetic anhydrite CaSO, based on single-crystal

data|6| shown in red.
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Figure S72: X-ray powder diffraction pattern of the pyrolysis residue of Sr(NH,SOj), - HyO after TGA shown in
black compared with a calculated pattern of synthetic celestine SrSO, based on single-crystal data|7]

shown in red.



Intensity / a.u.

Mu MM I

I |
I" f"-.-tﬂ‘|""~. .-'|“. .JlL."‘ Ja. Jlil.!..'.}.-‘ll' _-:' -. L I‘l ‘. \.I t Ii |'| .ain. ‘\'I. .l

,\i_
-
£

ig«i

1 . I : I i I
0 20 30 4 50 6 70 80
20/°

Figure S73: X-ray powder diffraction pattern of the pyrolysis residue of Ba(NH,SO3), after TGA shown in black
compared with a calculated pattern of synthetic barite BaSO, based on single-crystal data|8] shown

in red.
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Figure S74: Photograph of Sr(NH,SO3), -4 HyO as synthesised inside a 100 ml beaker (50 mm in diameter).




Figure S75: a) Light microscopy image of S,;N, crystallised on the wall of an ampoule. b) Photograph of the
ampoule with yellow S;N, crystallised on the wall of an ampoule over SrSO, on the bottom. c)
Specimen selected for single-crystal XRD study in Lindemann-glass capillary (0.3 mm diameter).
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