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Preparation of composite-Se cathode

Selenium-carbon composite is prepared through a two-step melt diffusion process. ZIF-8
derived Nitrogen-doped carbon was thoroughly grinded and mixed with elemental selenium in
1:2 ratio and the mixture were sealed in an Ar filled autoclave. This is subjected to melt
diffusion at 260 °C for 12 h and the excess Se is allowed to sublime in a second melt reaction

at 280 °C for 2 h under flowing Ar to obtain the C/Se with 64% selenium loading.
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Figure S1. SEM and EDX plot of (a,d) LP (b,e) LPM (c,f) LM pellets, respectively, at the same

magnification.
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Figure S2. Arrhenius plot of conductivity vs. 1/Temperature for the three different pellet

compositions (a) LP (b) LPM (c¢) LM. The inset shows the corresponding Nyquist plots at

different temperatures.
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Figure S3. EIS of full cell with LM electrolyte, post cycling.
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Li-LFP full cell cycled at RT

 +

|

-

-

Q3.

S

8

)

c 3.

(]

)

O

o 1 10 20 30 40 ——50

2-5 T T T L] T
0 20 40 60 80 100 120

Specific capacity (mAh g)

(b)

Figure S4. Cycling stability plot for the full-cell containing LM electrolyte cycled at 0.1 C-rate at

RT.

Figure S5. Cross-section SEM image of the electrode-electrolyte interface at the cathode (left)
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Figure S6. Deconvoluted XPS spectra of the cycled LM electrolyte for (a) Ti 2p, (b) Al 2p, and (c)

Zr 3d.
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Table S1. Comparison of the electrochemical performance of the LATP +MOF (present work)

electrolyte with LATP electrolytes reported in the literature.

SIl.  Year Electrolyte Modification strategy Thick- RT lonic Full cell Cycling Ref
No. ness conductivity configuration capacity @ -
rate
1 2021 LATP Thin films fabricated by <1pm 0.1mScm?! - - 1
large-area  Pulsed Laser
Deposition (PLD)
2 2016 LATP/LAGP Dry pressing and  post-  55um 3.4 *10% LiFePO4/LATP- 145 mAh g! 2
double-layer calcination method Scm’! LAGP/Li
solid-state
electrolyte
3 2021 LATP/PVdF- Solution-casting  synthesis 23x10*  Li|LiFePOswith 148 mAhg' 3
HFP composite for new composite solid Scm! LATP/PVdF-H
electrolytes by embedding FP
LATP ceramic into a
PVdF—HFP matrix
4 2019 LATP Chemical precursors are  1-2 3.5x10°* LiCoOs, 147mAhg' 4
mixed and Dball-milled, mm Scm’! LiFePOy, and
followed by a solid-state LiNiosMno2Coo2
reaction and densification O, and Li and
through calcination and LisTisO1o.
sintering heat treatments.
5 2019 LATP Effective inhibition of the 1.2x1073 LiFePO4/Li 152 mAh g' 5
PEO matrix crystallisation S/em at0.1C
by the high-conductivity
LATP nanofillers
6 2021 (P(VDF-HFP))/ Spray-drying and 21 pm 0.763 Li/SHSE/LiCoO 145 mAh g' ©
(LATP)/P(VDF calcination mS cm’! 2 at0.1 C
HFP)
7 2019 LATP Cold sintering process and 3004 8.04x107° - - 7
post-annealing 00nm Scm’!
8 2020 LATP ceramic Sol gel and calcination soln 132 um 1.0 x 10 Li/CSEs/SS 136 mAh g! 8
particlesand PEO  casting Scm! (L/PEO + 01C
polymer matrix LiTFSI/Li,
Li/PEO + 15%
LATP/Li)
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2022

2019

2022

2020

2019

2023

2023

Lii3AlosTi 7
(PO4); (LATP)
reinforced PEO-
PEG-LITFSI
composite solid
polymer
electrolyte

(CSPE)

LATP + PEO
polymer and
deposited on BN

layer.

LATP with
polyionic liquid
binder
LATP-LCO and
LATP-LFP

LATP

PTFE@LATP
composite solid

electrolytes

Control sintering
temperatures  to
minimize  voids
and formation of
well-defined grain

boundaries

Milling assisted route

Sol-gel method+ calcination

Pechini sol-gel , followed by

a calcination process

Sol gel

Spark Plasma Sintering

PTFE@LATP composite solid 100 um

electrolytes 3D network made by
combining solgel and solid-state

grinding methods

The crystallization
temperature was confirmed
through TGA/DTA
analysis. The degree of
crystallization (XRD), the
formation of crystal grain
boundaries (SEM), and the
formation of impurities are

examined.

0.5-1

mm

0.13

40 um
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Scm’!

2%10* LiFePO4/LATP/ 142 mAh g'1

Scm’! BN/PEO/Li

1.2x 103  Li/Li symmetric

Scm’! cell

1.048 x 10* Li C/10

Scm’! LCO cathode
~ 150 and
LFP ~155
mAh g!

1%10°  NA N/A

Scm’!

7.56 % LFP/PTFE@LA 140.1 mAh-

10*S-em™ TP/Li g-l at 1C

1.72x10*8S - -

cm!
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16 2024

17 2024

18 2024

19 2024

20 2023

Flexible PVDF-
HFP@LATP

yttrium and
silicon co-doped

LATP

LATP-embedded
semi-
interpenetrating
polymer network
electrolyte

membrane.

Polypropylene
separators with
solid electrolyte
LATP and

SiO; coatings.

LATP+MOF

Simple solution casting
method mixing and
regulating the ratio of

inorganic solid electrolyte

and polymer electrolyte

Conventional solid-state

method for  co-doping
resulting in homogeneous
hexagonal morphology and
better

LATP. 5% LiCl added to it

crystallinity  than

enhances the conductivity

significantly.

Membranes are fabricated
by embedding
LATP nanoparticles into the
semi-interpenetrating
network

of polyacrylonitrile /poly
(ethylene glycol)
dimethacrylate (PEGDA).

LATP mixed PVDF binder
was coated onto a PP
separator ~ and  further
applied SiO;sol by spin-
coating to obtain the
PP/LATP/SiO; composite

separator.

Cold press with SCN

LiTFSI matrix

113 um 2.146 x 10* L/

Scm’!

200 um 1.88 x 107*S Li/Li symmetric

cm’!

120 pm 1.06 x 1073

Scm’!

~25um 0.6x 10°S  LFP|[PP/LATP/S

cm™!

600 um 24.7 x 107

S cm’!
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HFP@LATP/O,

LFPHSE[Li

i0, ||Li

Li/LiFePO,4

Flexible

5314.5
mAh-g!  at

0.1 mA cm’!

164 mAh
glat0.2C

~148 mAh g'!
at 1C

138 mAh g!
at 0.1 C rate

16

17

18

19



3.5
0.05 . 304 ——Cycle 1
- —— Cycle5
=
— = ——Cycle7
E =25
£ 0.001 g
- 2.0
c
] 2
£ s
3 -0.05 —— Cycle 1 b1 1.5 1
—— Cycle 2 g
—— Cycle 3 o 1.0
—— Cycel 4 o
-0.10 T T T T T 0.5 T T T T T T T
1.0 1.5 20 25 3.0 0 50 100 150 200 250 300 350 400
Potential (V) vs. LilLi* Specific capacity (mAh g)

Figure S7. Full-cell studies with carbon-selenium cathode, Li metal anode and LM solid

electrolyte at RT (a) CV at 0.2 mV s™! (b) cycling profile of full cells at 0.1 C-rate in coin cell

configuration.
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