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Supplementary Figures (Figures S1 — S29)

Figure S1. Negative ESI MS of (Et4N),[Fe,S4Cls] obtained from reaction with [CoCls]?~ in MeCN.

Figure S2. Negative ESI MS of (BTMA),[Fe;S4ls] in THF.

Figure S3. Negative ESI MS of (BTMA,[Fe,S4Cl,l,] in THF; conversion with I, and chloride.

Figure S4 Negative ESI MS of (BTMA,[Fe,S,Clls] in THF; conversion with iodine monochloride and iodide.

Figure S5. Negative ESI MS of (BTMA,[Fe,S4Brls] in THF; conversion with iodine monobromide and
iodide.

Figure S6. Neg. UHR ESI MS of (BTMA),[Fe,S4Br,] in acetone (above, measured spectra; below, simulated
molecular peaks; detailed view of [Fe,S,Br,]?~ with its simulation is given on the right side).

Figure S7. Negative UHR ESI MS of (BTMA),[Fe;S4Br,] in acetone and simulated patterns of molecular
ions of fragmentation and oxidation products as well as adducts ([Fe,;SsBrs]-, [Fe,SsBrs0,]™
[FesS4Br,], [FesS4Br;Li]~, [FesSiBrsNa]-).

Figure S8. Negative UHR ESI MS of (BTMA),[FesS4Br,] in acetone (red: measurement after dissolving;
green: measurement after one day).

Figure S9. Negative UHR ESI MS of (BTMA),[Fe,S4Br,Cl,] in acetone and simulated patterns of molecular
ions.

Figure S10. Negative UHR ESI MS of (BTMA),[Fe,S4Br,Cl,] in acetone and simulated patterns of molecular
ions; [FesS4Bra_,Cl,]~ and [Fe;S4Brs_,Cl,,0,]~ fragmentation series.

Figure S11. Negative UHR ESI MS of (BTMA),[Fe,S4Br,Cl,] in acetone (red: measurement after dissolving;
green: measurement after 24 h).

Figure S12. Negative UHR ESI MS of (BTMA),[Fe,S4Br,l,] in acetone and simulated patterns of molecular
ions.

Figure S13. Negative UHR ESI MS of (BTMA),[Fe,S4Br;l,] in acetone and simulated patterns of molecular
ions; [Fe,S4Bra_,l,]~ and [Fe,S4Brs_,1,0,]” fragmentation series.

Figure S14. Negative UHR ESI MS of (BTMA),[Fe,S4Br,l,] in acetone (red: measurement after dissolving;
green: measurement after 24 h).

Figure S15. Negative UHR ESI MS of (BTMA),[Fe,S,Cl,l,] in acetone (above, measured spectra; below,
simulated molecular peaks; detailed view of [Fe,S.Cl,I,]?~ with its simulation is given on the
right side).

Figure S16. Decay ion series of (BTMA),[Fe;S4Cl,l,] in acetone (above, measured spectra; below,
simulated molecular peaks).

Figure S17. Negative UHR ESI MS of (BTMA),[Fe,;S4Clyl,] in acetone (red: measurement after dissolving;
green: measurement after 24 h).

Figure S18. UV-vis-NIR spectra of (BTMA),[Fe,S4ls] in acetonitrile.

Figure S19. UV-vis-NIR spectra of (BTMA),[Fe,S,Cls] in acetonitrile.

Figure S20. UV-vis-NIR spectra of (BTMA),[Fe,S4Br,] in acetonitrile.

Figure S21. UV-vis-NIR spectra of (BTMA),[Fe,S4Br,Cl,] in acetonitrile.

Figure S22.

UV-vis-NIR spectra of (BTMA),[Fe,S4Cl,l,] in acetonitrile.



Figure S23.
Figure S24.

Figure S25.
Figure S26.

Figure S27.

Figure S28.

Figure S29.

UV-vis-NIR spectra of (BTMA),[Fe,S4Br,l,] in acetonitrile.

Synchrotron XRPD of (BTMA),[FesS4ls] at ambient temperature (above: experimental data,
with A = 0.207203 A; below calculated pattern?).

Synchrotron XRPD of (BTMA),[Fe,S,Br,] at ambient temperature (above: experimental data,
with A = 0.207203 A; below calculated pattern?).

Synchrotron XRPD of (Ph4P),[FesS4Br;] at ambient temperature (above: experimental data,
with A = 0.551155 A; below calculated pattern).

XRPD of (BTMA),[Fe,S4Br,Cl,]; experiment with A = 0.207203 A synchrotron radiation

(DESY, beam line P02.1, storage ring Petra lIl); calculated pattern based single crystal
structure data.!

XRPD von (BTMA),[Fe,S4Br,l,]; experiment with A = 0.207203 A synchrotron radiation

(DESY, beam line P02.1, storage ring Petra Ill); calculated pattern based single crystal
structure data.!

XRPD of (BTMA),[Fe,;S4Clyl,]; experiment with A = 0.207203 A synchrotron radiation

(DESY, beam line P02.1, storage ring Petra lll); calculated pattern based single crystal
structure data.!

ESI mass spectrometry
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Figure S1: Negative ESI MS of (Et;N),[FesS4Cl,] obtained from reaction with [CoCl,]?~ in MeCN.
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Figure S2: Negative ESI MS of (BTMA),[FesSals] in THF.
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Figure S3: Negative ESI MS of (BTMA,[Fe;S4Cl,l,] in THF; conversion with iodine and chloride.
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Figure S4: Negative ESI MS of (BTMA,[Fe;S,Cll5] in THF; conversion with iodine monochloride and iodide.
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Figure S5: Negative ESI MS of (BTMA,[Fe;S;Brls] in THF; conversion with iodine monobromide and iodide.



100 3356497 e T
75
334.6511
330.6480
75 |
= 25‘ 3336525 337.6472
g%
=
5o
50 =l 335.6482 sim.
2
821.4260 Bos M| e
25 | 50
Q\.? ‘ 333.6509 337.6456
=
Z 166.8511 ) MmN T
.E 4 L L dod ol 332 334 338 338 340m
£ 100 335,6482 simulated isotopic patterns
£
g
2
75
50
2- 2-
@ 821.4253 @
! S—F¢
Fe/_‘s/“ Fe s’l
25 ‘ \ | ( | | ‘ + [BMTA*
Ael=s el =S
s Fe' s Fe
® &
[FeyS,Bry > [FesS,Bry] ™
]
200 400 600 1000 1200

miz

Figure S6: Negative UHR ESI MS of (BTMA),[Fe;S4Br,] in acetone (above, measured spectra; below, simulated molecular
peaks; detailed view of [Fe,S4Br,]2~ with its simulation is given on the right side).
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Figure S7: Negative UHR ESI MS of (BTMA),[Fe;S4Br,] in acetone and simulated patterns of molecular ions of fragmentation
and oxidation products as well as adducts ([Fe4S4Brs]-, [FesS4Brs0,] [FesS4Bra]-, [FesS4Bralil~, [FesS4BrsNal-).
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Figure S8: Negative UHR ESI MS of (BTMA),[Fe;S4Br,] in acetone (above: measurement after dissolving; below:
measurement after 24 h).
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Figure S9: Negative UHR ESI MS of (BTMA),[Fe4;S4Br,Cl,] in acetone and simulated patterns of molecular ions.
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Figure S10: Negative UHR ESI MS of (BTMA),[Fe,S4Br,Cl,] in acetone and simulated patterns of molecular ions; [Fe;S4Brs_
oCl,]~ and [FesS4Br3_,Cl,,0,]~ fragmentation series.
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Figure S11: Negative UHR ESI MS of (BTMA),[Fe4S4Br,Cl,] in acetone (top: measurement after dissolving; bottom:
measurement after 24 h).
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Figure S12: Negative UHR ESI MS of (BTMA),[Fe4S4Br;l,] in acetone and simulated patterns of molecular ions.
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Figure S13: Negative UHR ESI MS of (BTMA),[Fe;S4Br;l,] in acetone and simulated patterns of molecular ions; [Fe;S4Bra_,l.]~
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Figure S14: Negative UHR ESI MS of (BTMA),[Fe4S4Br;l,] in acetone (red: measurement after dissolving; green:
measurement after 24 h).
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Figure S15: Neg. UHR ESI MS of (BTMA),[FesS4Clyl,] in acetone (above, measured spectra; below, simulated molecular
peaks; detailed view of [Fe;S4Cl,1,]%~ with its simulation is given on the right side).
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Figure S16: Decay ion series of (BTMA),[Fe;S4Clyl,] in acetone (above, measured spectra; below, simulated molecular
peaks).
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Figure S17: Neg. UHR ESI MS of (BTMA),[Fe;S4Clyl,] in acetone (red: measurement after dissolving; green: measurement

after 24 h).



UV-vis-NIR absorption spectroscopy
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Figure S18: UV-vis-NIR spectra of (BTMA),[Fe,S4l4] in acetonitrile.
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Figure S19: UV-vis-NIR absorption for reaction control during synthesis of (BTMA),[Fe4S4Cl4] in acetonitrile.
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Figure S20: UV-vis-NIR spectra of (BTMA),[Fe;S4Br,] in acetonitrile.
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Figure S21: UV-vis-NIR spectra of (BTMA),[Fe;S4Br,Cl,] in acetonitrile.
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Figure S22: UV-vis-NIR spectra of (BTMA),[Fe;S4Cl,1,] in acetonitrile.
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Figure S23: UV-vis-NIR spectra of (BTMA),[Fe;S4Br,l,] in acetonitrile.



Synchrotron X-ray powder diffraction
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Figure $24: Synchrotron XRPD of (BTMA),[Fe,S4l,] at ambient temperature (above: experimental data, with A = 0.207203 A;
below calculated pattern?).
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Figure S25: Synchrotron XRPD of (BTMA),[Fe;S4Brs] at ambient temperature (above: experimental data, with
A =0.207203 A; below calculated pattern?).
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Figure $26: Synchrotron XRPD of (Ph,P),[FesS4Bra] at ambient temperature (above: experimental data, with A = 0.551155 A;
below calculated pattern3).
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Figure $27: XRPD of (BTMA),[Fe,S4Br,Cl,]; experiment with A = 0.207203 A synchrotron radiation (DESY, beam line P02.1,
storage ring Petra llI); calculated pattern based single crystal structure data.*
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Figure $28: XRPD von (BTMA),[FesS4Br,l5]; experiment with A = 0.207203 A synchrotron radiation (DESY, beam line P02.1,
storage ring Petra lll); calculated pattern based single crystal structure data.®
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Figure $29: XRPD of (BTMA),[Fe,S,Cl,l,]; experiment with A= 0.207203 A synchrotron radiation (DESY, beam line P02.1,
storage ring Petra lll); calculated pattern based single crystal structure data.!
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