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Supporting Information

Sulfide SE Ionic Electronic Ea Stability Ref
Conductivity conductivity* (eV) (\2]
(Sem?) (Sem™)
LigPSsCl (LPSCI), ~3.7%x 1073 ~(5.1x 107951 ~0.30-0.40 1.71-2.01 51,52,53/54
LigPScX) * ~(10-8)5253
B-LisPS, ~1.6x 107* ~(1079-10"955 0.49+0.02 ¢ 1.71-2.31 56,55
(LPS)* ~(10-9)53 ~0.27-0.3155
Li,P5S,, ~17x 1073 - ~0.17 2.28-2.31 57
(LPS)
Li,GePSg ~10x 1073 - ~0.22 - o8
(Aka tetragonal
LGPS)
Li;oGeP,S,, ~12x 1073 ~108 ~0.21 1.7-2.15% .
(LGPS)
Li,oSnP,S,, ~4x1073 ~(108to 10-9)%° ~0.27 (Grain) - ol
(LSnPS) ~0.60 (GB)
Li,;Si,PS,, ~25x 1073 - ~0.19 - 61
(LSiPS)

ESI-1. Table: Key properties of the currently considered promising and highly explored sulphide-based solid ion
conductors in the literature

a) 75k €) 400 = (e) —=— Expt Dat
( ) =S 7S T ( )400 5"'“:13‘:) LPS 1.0 1.0 Li’:’ear;ta‘
z 1 350 4
E 60k . — 084
E‘ < 300 4 0.8; a &
S asx £ 250 =D
2] - 063 06
2 § C 200 2w LPS
> i@— 2 = =
3 30k Fin £ 150 040 O 0.4 R=0.0079 x10° Ohm
o g?f 2l O 100 > > 0,27.52 x10° S cm”
['4 c=486:10°Sem’ & §_|
E 1ok IGrain+bulk g 3 J / 50 - 0.2 0.2
0 15k 30k 45k 60k 75k 0 5 10 15 20 25 30 0 20 40 60 80 100 120 140
Re Resitivity (Ohm.cm) Time (Hrs) Current (nA)
b . d 1.0
(,\) ——Eis_Lpsc| 1200 vompe ' LPSCI 1.0 ® r=—Exptdata
E 2k I s 0 8 Linear fit
’é? [ 1000 5 .81
I < =
5 1 ] T 800 = 2 6.
< I - o O
2 I € 600 Y 2
2 900 = (g = 0.4 LPscI
‘» i S 400 040 3
& : §,.<. o > R= 0.00319 x10° Ohm
¥ 4 5 10°% el
£ 450 oi=1.32x103 s em 7 éx 7 2001 Lo.2 0.2 o187 1078 om
' Grainsbulk © 04
el " he Rt oo ————1loo 0. 0f4m—m—m——————————
00 o pm ™ = 0 5 10 15 20 25 30 0 50 (1:00 150 2‘(:) 250 300
Re Resitivity (Ohm.cm) Time (Hrs) urrent (nA)

ESI-2. Nyquist plot of (a) p- LPS (b) LPSCI, DC polarization experiment in (c) - LPS (d) LPSCI and (e) and (f)
show plot of Voltage vs Current for the resistance calculation obtained via Ohms law (V=IR) for LPS and LPSCI
respectively.
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ESI-3. (a) Reference cycling set-up for verification/comparison of the electrochemistry with the newly developed
in-situ cell. The system consists of a pmma matrix with two stainless-steel pistons which are again placed under an
axial screw which controls the torque applied. (a-1) shows the electrochemistry of LPS-SE with the reference

system (a-2) shows the electrochemistry of LPSCI-SE with the reference

system. (c) shows the in-situ cell cycling

system and (c-1) shows the electrochemistry with LPSCI cycled outside SEM with a full 10 mm pellet with an in-situ
cell. All the cycling data are at Room temperature. This confirms the reliability of the electrochemistry with the

newly developed cell
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ESI-4. (a) “In-situ cell” using argyrodite SE cycling outside SEM, from 5th discharge and showing a constant
capacity fade with increasing cycles and (b) Capacity vs cycle number for the entire experiment (in-situ and ex-situ

cycling.



ESI-5. (a) secondary (SE) and backscattered (BSE) electrons images of dark spots in LPS solid electrolyte together
with EDS mapping on sulfur (S), phosphorus (P) and Oxygen (O). ( b) secondary (SE) and backscattered (BSE)
electrons images of LPS layered morphology at the cross-section. ¢) backscattered (BSE) electrons images of the
loss of contact at lithium interface in LPSCI by the end of the 2nd cycle.
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ESI-6: Growth of pre-defect, crack formation in LPSCI-SE at the (-) negative/anode interface.

White rectangles show the pre-defect area, Light blue rectangles show the new crack and growth of cracks in the
LPSCI-SE from an existing pre-defect or an area nearby and the red arrow indicates the contact loss at the anode
interface.

(a) 0 min shows the presence of a pre-defect area and the small red arrow at LPSCI/Li interface shows good
contact. (b) An incision mark of crack and small, loss of contact begin to appear (c) by the end of 3rd charge, new
cracks appear in the LPSCI shown with blue rectangles. (d) The contact loss grows further. (e) The cracks and
contact loss grow even further by the end of the 5th charge.

All the images shown here are backscattered secondary electron images (BSE). Irrespective of the interface, crack
formation and growth in LPSCI occurs either at the pre-defect or close by areas to the pre-defect.
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ESI-7: Growth of pre-defect, crack formation in LPSCI-SE at the (+) positive/cathode interface.

White rectangles show the pre-defect area, Light blue rectangles show the new crack formation and growth from an
existing pre-defect or an area nearby. The yellow rectangle shows the growth of the crack in the cathode composite
of LPSCI.

(a) 0 min shows the presence of a pre-defect area, a compact area in the SE, and an area marked with a yellow
rectangle in the cathode composite. (b) the pre-defect expands slowly. (c) by the end of 3rd charge, the pre-defect
growth gives rise to new cracks in different directions shown with blue rectangles. (d) Interparticle contact loss
begins to appear in the cathode composite by the end of the 4th charge. (e) The cracks and interparticle contact
loss grow further by the end of the 5th charge.

All the images shown here are backscattered secondary electron images (BSE). Irrespective of the interface, crack
formation and growth in LPSCI occurs either at the pre-defect or close by areas to the pre-defect. The compact
area remains untouched by the growing cracks.

ESI-8. EDX analysis of fig 5 (a) NMC/LPS with reference -LPS (b) NMC/LPSCI with reference-LPSCI (argyrodite)



ESI-9. (a) Position of the secondary NMC particle in the cathode composite of LPS where surface layer/CEI is
formed. This figure is used to represent the position of main figure 5 (a).

(b) Position of the secondary NMC particle in the cathode composite of LPSCI where surface layer/CEl is formed.
This figure is used to represent the position of main figure 5 (b).
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ESI-10. Post mortem of ex-situ cycled cell (in pmma matrix with 10 mm ) with LPS-SE cycled until 1st charge only.
Post mortem was carried out right after 1st charge. (a) Electrochemistry of LPS cycled at a 0.1 mA cm-2. (b) BSE
image shows the observation of sharp cracks inside the LPS-SE. (c) reduced LPS-SE on the Li anode. The image
contrast in the BSE image shows patches of SE that are left unreacted (d) and (e) shows the SE and BSE images
showing the formation of surface layer/film on the cathode composite side facing the current collector.
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