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1) Additional structural data for the pristine J-IrS,

Figure S1: Electron diffraction patterns of J-IrS, indexed in the Pnma a = 19.8 A, b= 3.57 A, c=5.63 A
unit cell.



i) Additional cycling experiments for J-IrS,
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Figure S2: (a) Voltage vs composition plot of J-IrS2 by reducing the discharge voltage to 1V. (b) The
voltage profile when the amount of inserted lithium is limited to 1. The lithium insertion is highly
irreversible upon subsequent charge indicating possible associated conversion reaction. The small 2.4
V plateau observed in the beginning of the discharge on the panel b account for some S® impurities in
the materials.
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lll) Operando analyses on J-IrS, and L-LilrS,

Operando XRD analyses have been carried out for both J-IrS, and L-LilrS, and the results are reported
in Figure S3. For J-IrS,, the insertion of lithium appears to follow a bi-phasic process in which a new
phase with similar XRD profile as the pristine but with peaks shifted to lower angles starts to grow to
the expense of the pristine phase. The newly formed phase becomes single phase when x= 0.5 to form
Lig5IrS, whose structure was studied by TEM analyses. Curiously, on subsequent charge, the material
converts back to its pristine structure via a solid solution rather than a two-phase process. Further
lowering the discharge voltage to 1.15 V leads to the appearance of another biphasic process (cf. figure
S4) with the intensity of this new phase increasing up to 2 Li “consumed” per formula unit prior to
progressively fade away for greater amounts of reacted Li* (2<x<5) (cf. figure S4). This is indicative of
a Li-driven conversion reaction proceeding beyond x = 2. Altogether, this drastically contrasts from
structural evolution of the L-LilrS, phase, which upon release or uptake of Li shows a classic bi-phasic

process both in charge and in discharge.
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Figure S3: Operando XRD patterns during the first cycle of J-IrS, (top) and L-LilrS, (bottom) with the
corresponding galvanostatic curves in the right panel. The compounds are cycled at C/20 and the XRD



patterns were measured for every 1 h (0.05 Li insertion/ removal). The XRD patterns corresponding to
J-IrS, and J-LigsIrS, in the galvanostatic curve are plotted in pink and red respectively whereas the
patterns corresponding to L-LilrS, and Li-IrS, are plotted in dark blue and light blue respectively.
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Figure S4: Operando XRD patterns during the discharge of J-IrS2 (left) where the discharge is controlled
by the amount of reacted lithium (x= 2). The corresponding voltage profile is shown in right. The
compound is cycled at C/20 and the XRD patterns are measured for every 1 hr (0.05 lithium). On the

galvanostatic curve, the patterns corresponding to J-IrS,, J-LigsIrS, and J-LilrS, are plotted in magenta,
red and pink respectively.



IV)  Additional structural data for J-LiysIrS, and J-LilrS,
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Figure S5: Electron diffraction patterns of J-LigsIrS, indexed in the Pnma a = 20.3 A, b= 3.60 A, c = 5.75
A unit cell.
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Figure S6: [010] HAADF-STEM image of highly lithiated J-Li,IrS, showing co-existence of the J-Liy;sIrS,
and J-LilrS, phases along with the amorphous products of the conversion reaction.



Figure S7: The [010] dDPC-STEM image of the interface between the J-Liy5IrS, and J-LilrS, phases. The
interface plane is marked by arrowhead. Enlarged part of the image shows the atomic details of the J-
LilrS, structure with the overlaid positions of the Ir (blue) and S (yellow) atoms.
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Figure S8: Rietveld refinements of J-LilrS, X-ray diffraction pattern at 300 K collected in situ in an
electrochemical cell equipped with Be window (A = 1.54 A). The pink circles, black continuous line, and
bottom blue line represent the observed, calculated, and difference patterns, respectively. Vertical
green tick bars stand for the Bragg positions. Missing angular regions correspond to the Be reflections.



V)  Additional structural data for L-IrS,
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Figure S9: Comparison of the Rietveld refinements of L-IrS, synchrotron X-ray pattern starting with
either a monoclinic (C2/m) structural model or triclinic (P1) one.
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Figure S10: ED patterns of delithiated L-IrS,. The indexes denoted with subscript “m” belong to the
monoclinically distorted C-centered subcell of the O1 structure (a ~5.70 A, b~3.55A, c~5.254, B~
90°). The indexes denoted with subscript “t” belong to the triclinic supercell related to the monoclinic
subcell by a transformation matrix:
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Figure S11: The intensity profile along the Ir columns in the [100]; HAADF-STEM image of delithiated
L-IrS, (figure 7a of the main manuscript) demonstrating that the Ir columns are shifted to form pairs
with short projected interdot distances of ~2.5 A within the pairs and long distances of ~3.2 A between
the pairs.
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Figure S12: Rietveld refinements of L-IrS, neutron diffraction pattern collected at 300 K collected (A =
1.5418 A). The pink circles, black continuous line, and bottom blue line represent the observed,
calculated, and difference patterns, respectively. Vertical green tick bars stand for the Bragg positions.




Figure S13: Local environments of both sulfur sites (S1 and S2) of L-IrS,.



Vl) SQUID data
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Figure S14: Temperature dependence of the magnetic susceptibility x of L-IrS, and J-IrS,.



VIl) Density of states of J-IrS,
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Figure S15: pDOS as computed with VASP using the metaGGA SCAN functional for exchange and

correlation potential.



VIIl) GITT of J-IrS,
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Figure S16: Voltage profile of J-Li,IrS,, recorded with a GITT protocol. The cell was cycled at C/20 rate
and allowed for equilibrium after every 0.05 lithium removal by keeping the cell at rest for 20 hrs. The
light pink region corresponds to the formation of J-LigsIrS,, while the dark pink region corresponds to
the formation of J-LilrS,. In both regions, the equilibrium potential of ~1.5 V is obtained.



IX) Tables

J-IrS; Pnma Riragg= 5.32% =2.16
a=19.8201(2) A b=3.5736(2) A c=5.6339(4) A Vol= 399.050(2) A3
Atom Wyckoff x/a y/b z/c B:s, (A?) Occupancy
Position
Ir1 4c 0.07692(2) 1/4 0.42453(4) 0.205(2) 1
Ir2 4c 0.30395(2) 1/4 0.44062(4) 0.205(2) 1
s1 4c 0.35819(7) 1/4 0.0612(3) 0.351(10) 1
s2 4c 0.37751(7) 3/4 0.5420(3) 0.351(10) 1
s3 4c 0.23492(8) 3/4 0.3253(3) 0.351(10) 1
s4 4c 0.00818(7) 3/4 0.2730(3) 0.351(10) 1

Table S1: Crystallographic data and atomic positions for J-IrS, at 300 K using the complete model
determined from Rietveld refinement of its synchrotron X-ray and neutron diffraction pattern.

L-LilrS, P3m1 Rbragg= 3.99% x?=6.17
a=3.5955(2) A c=5.6749(2) A Vol= 63.535(2) A3
Atom Wyckoff x/a y/b z/c Biso (A?) Occupancy
Position
Li1 1b 0 0 1/2 0.429(2) 1
Irl 1la 0 0 0 0.149(5) 1
s1 2d 1/3 2/3 0.2032(3) 0.469(3) 1

Table S2: Crystallographic data and atomic positions for L-LilrS, at 300 K using the complete model
determined from Rietveld refinement of its synchrotron X-ray and neutron diffraction patterns.

R-factor = 0.0043534

Atom N 502 o e0 delr Reff R
s1 6.0 1.0 0.00403 -5.119 0.03326 2.35980  2.39306
Irl 6.0 1.0 0.00464 -5.119 0.00366 3.59559  3.59916
s2 2.0 1.0 0.00330 -5.119 -0.10452 3.69500  4.19628

s3 4.0 1.0 0.00330 -5.119 -0.03987 4.4,0000  4.36013




Table S3: Results from EXAFS refinement for the L-LilrS, phase

J-Liy5IrS, Pnma Rbrage= 15.1% x?=1.59
a =20.3396(3) A b =3.6023(2) A c=5.7529(2) A Vol=421.517(9) A3
Atom Wyckoff x/a y/b z/c Biso (A2) Occupancy
Position

Il 4c 0.0767(2) 1/4 0.4328(3) 0.80(4) 1
Ir2 4c 0.3035(2) 1/4 0.4391(3) 0.80(4) 1
s1 4c 0.3568(2) 1/4 0.0450(2) 1.94(13) 1
s2 4c 0.3781(4) 3/4 0.5737(15) 1.94(13) 1
s3 4c 0.2354(5) 3/4 0.3068(14) 1.94(13) 1
s4 4c 0.0134(5) 3/4 0.2706(12) 1.94(13) 1
Li1 4c 0.0626* 3/4 0.8827* 1.00* 1

Table S4: Crystallographic data and atomic positions for J-Li 5IrS, at 300 K using the complete model
determined from Rietveld refinement of its synchrotron X-ray diffraction pattern. The positions of the
lithium atoms have been determined by bond valence calculations (BVS), and have not been further
refined (* = non-refined parameter).

J-LilrS, Pnma Rbrage= 5-99% -16.3

a =23.0886(5) A b=3.6257(2) A c=5.6144(2) A Vol= 470.000(16) A3

Atom Wyckoff x/a y/b z/c Biso (A2) Occupancy

Position

Irl 4c 0.0676(2) 1/4 0.509(3) 0.915(4) 1
Ir2 4c 0.3109(2) 1/4 0.504(2) 0.915(4) 1
s1 4c 0.1515(2) 1/4 0.2431(3) 0.46(17) 1
s2 4c 0.0960(2) 3/4 0.7634(3) 0.46(17) 1
s3 4c 0.2270(2) 1/4 0.7411 (3) 0.46(17) 1
s4 4c 0.0166(2) 3/4 0.2363(2) 0.46(17) 1
Li1 4c 0.189* 3/4 0.8827* 1.00* 1
Li2 4c 0.559* 1/4 0.476* 1.00* 1

Table S5: Crystallographic data and atomic positions for J-LilrS, at 300 K using the complete model
determined from Rietveld refinement of operando X-ray pattern. The positions of the lithium atoms
have been determined by bond valence calculations (BVS), and have not been further refined (* = non-
refined parameter).



Concentration of Liin L-IrS, deduced by ICP-MS

Deduced x=Li/lr stoechiometry

1330 (F 15) ppm 0.05
Table S6: Li/Ir stoichiometry in L-IrS, deduced by ICP-MS measurements.
L-IrS, p1 Ryrage™ 11-1% x'=4.81
a=3.3700(2) A b=5.9616(11) A ¢=6.2167(10) A Vol = 105.27(3) A®
a=117.53(2)° B = 103.76(10)° y =93.87(4)°
Atom Wyckoff x/a y/b z/c B. (A°2 ) Occupancy
Position =
Ir 2i 0.7629(2) 0.7160(2) 0.001(2) 0.948(9) 1
s1 2i 0.3796(4) 0.7397(3) 0.2568(2) 1.30(13) 1
s2 2i 0.8324(4) 0.2537(3) 0.2583(3) 1.30(13) 1

Table S7: Crystallographic data and atomic positions for L-IrS, at 300 K using the complete model

determined from Rietveld refinement of its synchrotron X-ray and neutron diffraction patterns.

R-factor = 0.0017975

Atom N 502 e e0 delr Reff
s1 5.2 1.0 0.00367 -5.119 0.05991 2.31650
s2 1.0 1.0 0.00367 -5.119 0.10494 2.82400
Irl 2.0 1.0 0.00616 -5.119 0.01295 3.06070
Ir2 2.0 1.0 0.00616 -5.119 -0.09447 3.33020
Ir3 3.0 1.0 0.00616 -5.119 -0.09609 3.69500
s3 12.0 1.0 0.01790 -5.119 0.14113 4.10300

R
2.37641

2.92894
3.07365
3.23573
3.59891

4.24413

Table S8: Results from EXAFS refinement for the L-IrS, phase



