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Fig. S1  XRD spectra of LiTFSI, PVC, and PVC-SPE.

Fig. S2 The SEM images showing the morphology of the pristine LAGP pellet.
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Fig. S3 The corresponding EIS measurements for stainless steel | PVC-SPE | stainless steel cell at different temperatures.
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The ionic conductivity (o) of LAGP electrolyte and PVC-SPE was calculated by Eq. (1):
L
RS

where L is the thickness of electrolyte, R is electrolyte resistance, and S is the contact surface area of the electrolyte and the blocking electrodes.
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The lithium-ion transference number (;+) can be calculated by the Bruce-Vincent-Evans technique as Eq. (2):

I (AV -IR)) 2)
1,(AV = LR,)

where /o, Is are current values measured at the pristine-state and the steady-state condition, respectively; AV is a constant DC

polarization (5 mV), Ro, Rs are resistance values of initial and steady-state condition, respectively.
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Fig. S4 The chronoamperometry profile of a symmetric Li | PVC-SPE | Li batteries (under 5 mV polarization voltage) at room

temperature (a), and the EIS measurements of the symmetrical cell before and after polarization (b).
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Fig. S5 Voltage profiles of the Li | LAGP | Li battery at a current density of 0.05 mA-cm™ at room temperature.

0.08
ﬁ 0.04
b
2 0.00
>
]
& -0.04
E ——In-situ modified Li | LAGP | Li

-2 o
0.08 | 0.05mA-cm’,25 C
0 10 20 30 40 50

Time/(hour)

Fig. S6 Voltage profiles of the in situ modified Li | LAGP | Li battery at a current density of 0.05 mA-cm™ at room temperature.
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Fig. S7 Voltage profiles of the in-situ modified Li | LAGP | Li battery under different densities of 0.05, 0.1 and 0.2 mA-cm ™ at room temperature.

Fig. S8 The SEM images showing the morphology of the pristine Li metal anode.
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Fig. S9 The in-depth XPS spectra of F 1s on the surface of Li metal anodes obtained from in situ PVC-SPE modified Li | LAGP | Li
cells after 20 cycles.
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Fig. S10 (a) Impedance of Li | LAGP | LiFePOx battery at different conditions, 1- before the in-situ polymerization of the PVC-SPE modified Li |
LAGP | LiFePOys battery, 2-after the in-situ polymerization of the PVC-SPE modified Li | LAGP | LiFePOg4 battery, 3- Li | LAGP | LiFePOs cell with
ex-situ formed PVC-SPE, 4- unmodified Li| LAGP | LiFePOj4 cell; (b) the Nyquist plot of PYC-SPE modified Li | LAGP | LiFePOs battery before and

after the in-situ polymerization; (c) the Nyquist plot of the in-situ PVC-SPE modified Li | LAGP| LiFePOjs cell, the ex-situ PVC-SPE modified Li |
LAGP | LiFePOq cell, and the Li | LAGP | LiFePOs cell at room temperature; (d) the magnified area of Fig. S7(c); (e) the magnified area of Fig. S7(d).
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Fig. S11  The long-term cycling performance of the in-situ PVC-SPE modified Li | LAGP | LiFePOs solid-state battery measured at 1C rate.
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Fig. S12 The galvanostatic charge-discharge profiles of in situ PVC-SPE modified Li | LAGP | LiFePO4 battery and ex-situ PVC-SPE
modified Li | LAGP | LiFePOy battery at the 2" cycles.
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Fig. S13  The long-term cycling performance (a) and the corresponding 2" cycle voltage profiles; (b) of in situ PVC-SPE modified
Li | LAGP | LiFePOys batteries with different active mass loading.
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Fig. S14 The evolution of the galvanostatic profile during cycling (a) and the corresponding cycling performance of the in situ PVC-SPE
modified Li | LAGP | Li:TiOs3 cell with active mass loading of 1.5 mg-cm™2 (b). The current density is 0.1C (1C = 160 mA-g™").
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Fig. S15 The evolution of the galvanostatic profile during cycling (a) and the corresponding cycling performance of the in situ PVC-SPE modified Li |
LAGP | LCO cell with active mass loading of 2 mg-cm™? (b). The current density is 0.1C (1C = 145 mA-g™").

s6



5.0

»
o

Voltage/(V vs. Li'ILi)
'S
(=}

w
o

w
o

o

461V — 1st
B —
25°C, 0.1C (1C=140 mA-g™)
40 80 120 . 160

.gn . -1
Specific Capacity/(imAh-g")
Fig. S16 The initial galvanostatic charging profile of the in situ PVC-SPE modified Li | LAGP | LiNio.sMn1.504 cell at the first cycle.
The current density is 0.1C (1C = 140 mA-g™).
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Fig. S17 The evolution of the voltage profile during cycling (a) and cycling performance of the in situ PVC-SPE modified graphite
[LAGP | LiFePO4 with 4.0 mg-cm™ cell (b).

Table S1 Performance comparison of Li| LAGP| Li symmetric battery with previously published results.

Interface improvement strategy Current/(mA-cm?) Overpotential/(mV) Lifespan (hours) Work temperature/(°C) Refs.
in situ modified PVC-SPE 0.05 34 2700 25 This work
electronic conductive graphite layer and composite
0.1 20 1000 60 1
polymer electrolyte buffer layer
Bi buffer 0.1 60 300 30 2
Cso interlayer 0.1 800 1800 25 3
plastic super-conductive interlayer 0.1 20 400 40 4
ASHE/CHSE double layer 0.1 200 700 25 4
PPC-SPEs 0.05 55 200 55 5
CuF: layer 0.1 80 1500 25 6
LAGP nanoparticles/ionic liquid layer 0.1 30 1500 25 7
PVC-TPU layer 0.1 100 1000 25 8
TMP/FEC 0.1 <120 1000 25 9
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Table S2 Comparison of the cycling performance of Li| LAGP| cathode batteries with previously published results.

Tonic conducted addictive
Electrode Interface improvement strategy Rate performance Cycling performance Refs.
in electrode

LiFePO4 in situ modified PVC-SPE in situ modified PVC-SPE 72.4% (3C) 98% (200 cycles) This work
LiFePO4 N/A PVDF-LiTFSI N/A 28.5% (50 cycles) 10
LiFePO4 electronic conductive graphite layer Ex situ CPE N/A 96% (100cycles) (60 °C) 1

and composite polymer electrolyte

buffer layer
LiFePO4 Bi buffer 5 pL liquid electrolyte N/A =~ 100% (120 cycles) 2
LiFePO4 Cqo interlayer 5 pL liquid electrolyte 89.4% (0.6C) 85% (100 cycles) 3
plastic plastic
LiFePO4 69.5% (1C) 93.17% (100 cycles) (40°C) 4
super-conductive interlayer super-conductive interlayer
LiMn204 ASHE/CHSE double layer 5 pL liquid electrolyte 64.3% (0.5C) 74.2% (120 cycles) 4
LiFePOs PPC-SPEs PPC-SPES/LAGP 50.4% (1C) (55°C) 71% (90 cycles) (55°C) 5
S cathode CuF: layer 2 pL liquid electrolyte N/A 79.8% (50 cycles) 6
LAGP nanoparticles/ionic liquid
LiFePO4 5 pL liquid electrolyte 73% (2C) 80.4% (200 cycles) 7
layer
LiFePO4 PVC-TPU layer Ex situ PVC-TPU N/A 95.3% (100 cycles) 8
LiFePO4 TMP/FEC LAGP 74.6% (2C) 80% (700 cycles) 9
Li-O2 N/A Stable cycling 500 cycles

Table S3 Comparison of the cycling performance of in situ solid batteries with previously published results.

Electrode Electrolyte Rate performance Cycling retention Refs.
LiFePO4 In situ modified LAGP 72.4% (3C) 98% (200 cycles) The work
LiCoO2 In situ PVC SPE 64% (0.5C) 84.2% (150 cycles) (50 °C) 11
LiFePO4 In situ DOL electrolyte none 87.5% (700 cycles) 1
LiFePO4 In situ TSPE electrolyte 42.8% (5C) 80% (400 cycles) (30 °C) 12
NaNisFeisMnizO2 In situ PVC SPE 59.1% (5C) 86.8% (250 cycles) 13
LiFePO4 In situ PTHF SPE none 91.3%(100 cycles) (60 °C) 14
LiFePO4 In situ C-PEGDE 59.2% (0.2C) 74.2% (100 cycles) 15
LiFePO4 In situ DN-SPE none 99.5% (150 cycles) (55 °C) 16
LiFePO4 VC-PEGMA SPE 90% (0.5C) 68% (600 cycles) (60 °C) 3
Na3V2(PO4)3 PEGDMA SPE 84% (1C) 95% (740 cycles) (60 °C) 17
LiFePO4 HPILSE 50% (1C) 97.7% (100 cycles) 18
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Fig. S18 The impedance of the in-situ modified Li | LAGP | LiFePOs cell after different cycles at room temperature.
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