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Figure. S1 the plots of (a) EIS and (b) the DC polarization measurements of
the LGPS solid electrolyte

Figure. S1 shows the plots of (a) EIS and (b) the DC polarization

measurements of the LGPS solid electrolyte measured under the pressure of 300

MPa. The thickness of the pellet was 1.378 mm, according to the formula
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L, thickness of the pellet, L = 1.378 mm;

S, area of the pellet, D = 16 mm;

Rs, the resistence obtained from EIS, Rs=17.1 Q;

I, the current obtained from DC polarization measurement, [ = 3.2 X 10" " A;
U, the applied voltage, U =1V;

The ionic conductivity and electronic conductivity of the LPS solid electrolyte were
measured to be 40X 107> S ¢m ! and 2.2 X 107 § cm-, respectively.
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Figure. S2 IR spectroscopy of Li,S, S and LGPS was kept with LiG3 after 30 d.

Figure. S2 shows the IR spectroscopy results of Li,S, S and LGPS was kept with
LiG3 after 30 d. The results indicates that LiG3 is no dissolving capacity and

apaerently reactivity with for Li,S, S and LGPS, since the absorbance peaks are all

similar to the original the absorbance peaks of LiG3.
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Figure. S3 (a) EIS measurements, (b)rate performances, (c) cyclic performances at 0.2
C and (d) Charge-discharge curves of G3-LS and P-LS at 50 pA/cm?, respectively.
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Figure. S4 EIS results of (a) P-SS and (b) 5wt%LiG3-40wt%LGPS-S before
and after cycling tests.
Figure. S4 shows that charge transfer resistance of P-SS turns from 50Q to 300Q2

(Figure. S4a), by contrast, charge transfer resistance of Swt%LiG3-40wt%LGPS-S



(Figure. S4b) keeps intact, indicating the addition of LiG3 greatly stabilizes the
structure of ASS Li-S cells.
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Figure. S5 Coulombic effciency profiles of different types of Li-S batteries.

Figure. S5 presents the coulombic effciency profiles of different types of Li-S
batteries. The initial coulombic efficiency of P-LS and 5wt%LiG3-40wt%LGPS-S
electrode are 81% and 87%, respectively. Moreover, the coulombic efficiency of P-LS
electrode stayed between 97% and 98%, while that of Swt%LiG3-40wt%LGPS-S
electrode quickly ramp up to 100%. The coulombic efficiency of G3-LS also quickly
ramp up to 100%, but the discharge capacity of G3-LS cells are only 340 mAh/g. The
coulombic efficiency of P-SS is the lowest, which may be derived from the continusly
side reaction between Li and LGPS interface.

Figure S6
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Figure. S6 (a), (b) Charge-discharge curves, (c), (d) Differential capacity curves and
(e), (f) Cyclic performance of C/LGPS/C symmetric cells without LiG3 addition and
with LiG3 addtion, respectively.

To investigate the electrochemical stability of LGPS, C/LGPS/Li cells were
assembled and tested as Figure. S6 shows. The results indicate that LGPS was
decomposed and the product appears similar properties to Sulfur, whose typical charge-
discharge plateau lies around 2.0 V. We further analyze the effect of LiG3 addition and
find that LiG3 addition can alter the decomposition process. Moreover, according to

the cyclic performance of C/LGPS/Li cells, there is no capacity growth in the following



cycles, so we think the decomposition process only occurs at the first few cycles, and

the products inhibits further decomposition reaction.
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Fig. S7 cyclic voltammetry profiles of solid-state Li-S batteries with (a) Swt%LiG3-
40wt%LGPS-S and (b) P-SS electrode, respectively.

Cyclic voltammetry measurements was conducted at the scan rate of 0.1 mV/s. There
exist two reductive peaks at 1.5 V and 2.1 V, respectively in the 5Swt%LiG3-
40wt%LGPS-S electrode, while there is only one reductive peaks at 1.5 V. The
reductive potential measured by CV is slight deviation from the discharge-charge

curves, which may be derived from the faster scan rate.
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Figure. S8 Cyclic performance of Li-S cells 45wt%LiG3-S at 0.2 C, RT.



Cells 45wt%LiG3-S: There is only LiG3 in cathode side, SE layer was LGPS pellet

and Li metal acts as anode. Cathode was prepared by normal coating method with mass
ratio of S:Cyg:PVDF = 8:1:1.
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Figure. S9 Cyclic performance of Li-S cells Swt%LiG3-40wt%Si0,-S.
Cells 5wt%LiG3-40wt%Si0,-S: Cells 5wt%LiG3-40wt%Si0,-S were fabricated by

the similar process of Swt%LiG3-40wt%LGPS-S, here we replace LGPS with SiO, (30

nm, Aladdin) within the cathode 5wt%LiG3-40wt%LGPS-S, which is Li* insulation.

Figure S10




Figure. S10 (a) Schematic diagram representing structure of pouch cell, (b) and (c)
Photographic images of solid-state Li-S pouch cell fabricated by coating method

(dimension information), red rectangle represents real electrode size in pouch cell.

Figure. S10a illustrates the structure of pouch cell, the cathode was fabricated by
coating method as we reported before,! the composite cathode targeted weight ratio of
sulfur, LGPS electrolyte, VGCFs, LiG3 complex and polybutadiene (act as binders) is
4:2:2:0.5:0.3. SE layer was also fabricated by coating method with 3% polybutadiene
addition. Figure. S10b and S10c present the actual length and width of the pouch cell

(red tetragon), respectively.



Table S1

Table S1. Latest published data for solid-state Li-S batteries.

Capacity
SE S loading (mg cm?) Current density Cycles N Ref.
(mAh gts)
LigPSsBr 1200 0.46 167 mAg? 50 2
LigPSsCl 500 0.6 64 pA cm2 20 3
. . 800 0.3 80mAg! 60 4
Lig 54517 74P1.44511.7Clo 3
. 800 - 0.05C 60 5
Li7P29Mng 1S10.710.3
LiloGEP2$12+ 75Li2$-24P255-
800 0.5 0.05 C,60°C 30 6
P,0s
70Li,S-30P,Ss 500 0.4 44 pA cm? 10 7
1000-1100 0.2C 100
LiloGestlz 0.5-1.2 This work
650 1.0C 500
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