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Materials and Methods

All reagents were prepared and stored in an argon-filled glovebox with O,(g) and H,O(g) lev-
els less than 0.1 ppm. Anhydrous FeCl, was purchased from Sigma-Aldrich (>98% purity),
hexaphenyldisiloxane from Santa Cruz Biotechnology (Lot No. A0417, 99.6%), triphenylsilylchlo-
ride from TCI (>95%), triphenylsilanol from Alfa Aesar (99%), triphenylphosphine from Alfa
Aesar (994+%), triphenylamine from Sigma Aldrich (98%), trityl chloride (97%), and eicosane
(CyoHy,) from Acros Organics (99%). Triphenylphosphine sulfide was synthesized by heating
triphenylphosphine and elemental sulfur in an evacuated silica ampule for 24 h at 150°C and con-
firmed by 3'P NMR spectroscopy.!

Na,S, was prepared through a vapor transport reaction between elemental sodium and sulfur. 2
First, elemental sulfur was purified via vapor transport over a temperature gradient from 400 °C
to 550 °C in a sealed silica ampoule under vacuum (<10 mTorr). Sulfur was placed on the high
temperature end of the gradient and transported via vapor across the gradient where the purified
product condensed and recrystallized. Solid sodium metal was stored in the glovebox under argon.

Before use of the sodium metal, a razor blade was used to remove surface oxidation. Using the
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proper stoichiometry for Na,S,, the elements were weighed and placed in separate alumina cru-
cibles with sulfur on the top to avoid a highly exothermic reaction. The contents were sealed under
vacuum in a silica ampoule and heated in a box furnace at 200 °C at a ramp rate of 1 °C/min where
the reaction dwelled for 24 h. This initial reaction allowed sulfur vapor to corrode the sodium
metal to produce an inhomogeneous solution of Na,S, and Na,S and unreacted sulfur. The reac-
tion was readmitted to the glovebox and ground to a homogenous powder, pelleted, and sealed in
a silica ampoule. An additional annealing step at 300 °C at a ramp rate of 1 °C/min produced a
pure product. Air-free PXRD using a polyimide tape covering the powder sample revealed pure
crystalline Na,S,.

All metathesis reactions were prepared in an argon-filled glovebox. Reagents were weighed on
an analytical balance, ground into a homogeneous mixture (2x, 5 min), and pelleted. The pellet
was carefully transferred to a closed system sealing station and sealed in a silica ampoule under
vacuum (<10 mTorr). Reactions were heated at 150 °C and dwelled for 24 h. Reactions were
placed in a hot convection furnace with no designated ramp rate. Reactions that are deemed Air-
Exposed (AE) refer to the grinding of the reaction mixture in an agate mortar and pestle under
ambient atmosphere for 5 min after the heating step. Thus, the only exposure to ambient air
and moisture was ex post facto grinding and characterization. The Air-Free (AF) reactions were
prepared, reacted, processed, and characterized under argon. Neat reactions refer to the reactions
performed with no molecular additive.

Synchrotron X-ray diffraction experiments were performed at beamline 17-BM-B (A = 0.2415
A) at the Advanced Photon Source (APS) at Argonne National Laboratory using a Perkin Elmer
plate detector at a distance of 700 mm. Homogenized metathesis precursors were packed into a
quartz capillary (1.1mm OD) at Colorado State University in an argon-filled glovebox. Then, cap-
illaries were sealed under vacuum (< 20 mTorr) using a methane-oxygen torch. All capillaries
were loaded into a flow-cell apparatus® equipped with resistive heating elements and heated at
various heating rates depending on the reaction to 300 °C. While heating the samples were contin-

uously rocked at + 5° around the axis of the capillary. Diffraction patterns were collected every
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two seconds and summed every 10 s for experiments performed with heating rates < 160 °C/min.
For experiments heated at 160 °C/min, the diffraction patterns were not summed and taken every
two seconds. Plate detector images were integrated using GSAS-II and calibrated using a LaB
standard.

Powder X-Ray Diffraction (PXRD) was performed on a Bruker D8 DaVinci with CuK , radi-
ation. All samples were spread on a zero-background disc and covered with a polyimide film to
protect the samples from the environment. Rietveld analysis was performed using EXPGUI/GSAS
or TOPAS.*>/ TH NMR was performed on an Agilent (Varian) 400 MHz NMR spectrometer using
deuterated methylene chloride as the solvent (CD,Cl,; CIL Inc. 99.96%). All '"H NMR sam-
ples were prepared in a glovebox under nitrogen. NMR tubes were sealed with Parafilm® wax to
avoid air exposure during transport and characterization. Differential Scanning Calorimetry (DSC)
experiments were performed on a TA Instruments 2500 Discovery DSC. Experiments were pre-
pared by hermetically sealing the homogenized metathesis precursors in an aluminum pan. DSC

experiments were performed by heating each experiment at 10 °C/min to 300 °C

Properties of organosilicon molecules

Table S1: Properties of select organosilicon molecules

Name Formula Physical Properties Chemical Properties

Weak Lewis Base®”’
Cleavage of Si—O—Si functional group®®
Ferrosiloxane formation ((R;Si0);Fe) 10

MP: 224°C

Hexaphenyldisiloxane | (CgHs)S1,0 Density: 1.20g/cm’

Weak Lewis Acid!
Triphenylsilanol (CgHs);SiOH MP: 150-153°C Precursor to silicone polymers
Potential for hydrogen bonding'?
Nucleophilic substitution at silicon'!
Triphenylsilyl chloride | (C¢Hs);SiCl MP: 91-94°C Precursor for thiosilanes®'>
Readily hydrolyzes to form silanols
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Organosilicon control reactions
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Figure S1: PXRD results with Rietveld refinements from metathesis reactions of FeCl, +Na,S, at
150 °C for 24h under Argon: Top to Bottom: Neat reaction, 12 mol% Ph;SiCl, 13 mol% Ph;SiOH,
4.5 mol% (CcHs)S1,0. + denotes (206) reflection of Fe,Sq
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Figure S2: PXRD results with Rietveld refinements from metathesis reactions of FeCl, and Na,S,
at 150 °C for 24h under Argon: varying mol% (C4Hs)Si,0; (+) denote Na,S, (*) denote Na,S,.

Table S2: Phase Fraction of Metathesis Products at Various mol% (C¢Hjs)¢Si,0 loading as deter-
mined by Rietveld analysis of PXRD data.

mol% (C¢Hs)Si,0 | NaCl | Fe,Sq | FeS, | Na,S, | Na,S, | FeCl,
0.5 96(2) | 3.6(1) — - - -
1.2 93(1) | 2.95(8) | 3.4(2) - - -
2.2 86(1) | 2.58(8) | 11.4(4) - - -
3.6 79(1) | 0.98(6) | 19.9(4) — - -
4.5 78(1) | 1.14(7) | 20.6(4) - - -
5.6 38(1) — — 34(1) | 9.4(2) | 16.0(3)
8.5 39(2) - - 30(1) | 11.8(2) | 19.0(3)

Triphenylsilyl chloride

"H NMR spectroscopy reveals two unique phenyl environments in washed products from metathe-
sis reactions and from reactions between (CcHs);SiCl and Na,S,. Interestingly, the molecule re-
mains unchanged upon heating and in control reactions between (C¢Hs);SiCl and FeCl,. Organosi-

lylchlorides are common precursors for producing various organothiosilane molecules and thiosil-
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Figure S3: 'H NMR spectra of the phenyl region in the (C4H;)(S1,0 standard and the molec-
ular species washed from the metathesis reaction Na,S, + FeCl, with 4.5 mol% (C¢Hs)Si,0.
Deuterated methylene chloride (CD,Cl,) was used as the solvent.

icone polymers.1©

Triphenylsilanol

"H NMR studies of the reaction products in deuterated methylene chloride, reveal that the (C¢Hs);SiOH
polymerizes/decomposes upon heating (Fig. [S5(a)). Physically, the reaction product mixture be-
comes difficult to mix, as it contains a viscous silicone-like polymer, even when prepared in the
glovebox. 'H NMR spectra of the 13mol% (CxH;);SiOH assisted metathesis reaction support the
polymerization of the (C4Hs);SiOH, as there is a sharp benzene signal at 7.36 ppm and multiple

)‘17

unique phenyl environments (Fig. a) This polymerization reaction can be described in the

S6



PhSSiCI Standard J M h

Ph_SiCl 150°C 24hr

' Y

W
ety

2Ph,SiCl + FeCl,

Intensity (Arb. Units)

2Ph_SiCl + Na,S,

12 mol% Ph,SiCl in SSM

e

Figure S4: 'H NMR spectra of relevant (CxHs)5SiCl control reactions. All reactions were heated
at 150°C for 24hr. From TOP to BOTTOM: (C¢Hs);SiCl standard, (C4Hs);SiCl after heating,
(CxHs);SiCl after reaction with FeCl,, (CcHs);SiCl after reaction with Na,S,, (C4Hs);SiCl after
reaction with FeCl, 4+ Na,S,. New phenyl environments are observed in reactions with Na,S,
attributed to thiosilane species.

following condensation reaction:

2 (C6H5)3SIOH — Hzo + (C6H5)6Si20 (13)
(C¢Hs)3SiOH +H,0 — C¢Hg + (CHs),Si(OH), (1b)

2 (CgHs)3Si0H + n(CgHs),Si(OH), — (C¢Hs)3Si0—[(C4Hs),Si0],—Si(C¢Hs);  (lc)

where the water produced in the self-condensation reaction acts as a nucleophile and proton donor
to form the diphenylsilanediol and benzene. In Eqn. (C¢Hs),Si(OH), is highly unstable and
will ultimately react to form higher order siloxanes and silicone polymers as observed previ-
ously."819 Self-heating of the (C4Hs5);SiOH at 150°C for 24hr reveals a similar result, as the
reaction produces a viscous liquid upon cooling and the '"H NMR spectrum shows the presence

of benzene and multiple phenyl environments (Fig. [S5(a)). Interestingly, if the (C4Hs);SiOH is
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Figure S5: 'H NMR spectra of relevant (C4H;);SiOH control reactions. All reactions were
heated at 150°C for 24hr. (a) (C4Hs);SiOH standard, (CcHg);SiOH decomposition after heat-
ing, (CcH5);SiOH washes from the reaction Na,S, + FeCl,. (b): (C4Hs);SiOH and (C4Hs),Si,0
standards as compared to (C4Hs);S10H reactions with each reaction precursor.

stoichiometrically mixed and pelleted with Na,S,, a downfield shift of the phenyl protons occurs
(Fig. @b)) that matches (C¢Hs)(Si,0. Na,S, is unstable under ambient conditions, as the salt is
hygroscopic, so intuition suggests that the Na,S, acts as a water scavenger after the (C4H5);SiOH
has dimerized, thus preventing the nucleophilic attack of water on silicon in the polymerization
step (Eqn. [Ic). Interestingly, FeCl, does not prevent polymerization (Fig. [S5(b)), although small
intensity peaks are present of some (C4Hs)Si,0. On the other hand, when using (C4Hs),Si,0
in the metathesis reaction, the molecule retains the same phenyl environment as a (CcHs),S1,0
standard (Fig. [S3)). In order for the (C4Hs);SiOH to polymerize, there has to be H,O present in
the reaction mixture, so the self-condensation reaction (Eqn. [Ia) must occur first. Thus, both re-
actions support the hypothesis that pyrite formation is dependent on the identity of the molecule
hexaphenyldisiloxane.

To test the hypothesis that water is influencing the reaction pathway, a vapor transport reac-
tion was performed where the self-condensation reaction of (CcHs);SiOH was separated from the
metathesis precursors physically (e.g., separate crucibles). The results and experimental set-up are
shown in Figure [S6] where the presence of water vapor does not result in FeS,. While direct con-

tact with the water may influence the pathway more, the results with pure (CqHs),Si,0 suggest a
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pathway more dependent on the Si—O functional group.
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Figure S6: Vapor transport reaction to test the effect of water vapor from the decomposi-
tion/polymerization of (CqHs);SiOH on the metathesis reaction: Na,S, + FeCl, — FeS, +
2NaCl. a) Experimental set-up showing the separation of each reaction physically in a sealed
ampule. b) PXRD pattern of reaction products performed under polyimide tape.
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