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Over half of all CO2 from transport 
comes from normal passenger cars.

Can we improve electric cars to tackle this?

Current batteries: ± 300 mi

Sulfide Solid-State batteries: ± 600 mi
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The need for sustainable transport leads to growth of the electric vehicle market. Solid-state batteries are seen as the next step in all roadmaps for Li-ion
battery development. Sulfide-type solid-state electrolytes offer high ionic conductivity, and improved stability and safety compared to conventional liquid
battery electrolytes.1-4 Their use is hindered by a lack of data on optimal synthesis parameters and processing conditions. As many desirable sulfide solid-state
electrolytes require thiophosphate units, the reaction route proposed by Yubuchi et al.5 (using ethanol to process Li3PS4 into the argyrodite-type electrolyte
Li6PS5Br) is considered a fitting model for the synthesis of many sulfide solid-state electrolytes. The possible degradation in this ethanolic step was explored.
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31P-MAS-NMR spectroscopy of samples with increasing contact time with ethanol shows that after less than 2
minutes, only a loss of the highly ordered environment occurs without observable degradation. In fact, 1 hour
of contact with ethanol gives the same result. At the 24 and 96 hour marks, several peaks are observed
corresponding to ethanolic degradation products. Thermal treatment of such degraded samples results in a
disproportionation into PS4

3- and PO4
3- units. ICP-OES confirms the trend of sulfur loss when contact time is

considerably longer than 1 hour. Powder XRD confirms the presence of an argyrodite crystal structure.5
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Equimolar amounts of Li3PS4, Li2S, and LiBr were
mixed in ethanol for varying amounts of time and
subsequently dried in vacuo at 150 ºC for 3 hours. The
expected degradation reactions include simple
nucleophilic substitution (as shown on the left),
although rearrangements can also occur6 (as shown on
the right) which shift the ethyl tail from an ethoxy-group
to an available sulfur. Through rearrangement, it is
possible to degrade into phosphates rather than
thiophosphates, and the presence of Li2S or of trace
amounts of water may also enable the formation of
phosphate anions (PO4

3-).

P-
S -

S
S

-

S

HO
Li+

Li+
Li+

P
S

-
S

-
S

-
S O+

H

Li+ Li+

Li+
P-

S -
S

O

S

Li+

Li+

P
O -

S
S

-

S

HO

Li+
Li+

P
O

O
S

-

S

HO

Li+

P
O

O
O

S

+ EtOH

- LiSH

+ EtOH

- LiSH

 

- LiSH

 

 

P
O -

S
S

-

S

Li+
Li+

P
S -

S
S

-

O

Li+
Li+

HO
P-

S -
S

O

O

Li+

P-
S

O
O

O

+ EtOH

- EtSH

+ EtOH

- LiSH

P
O

O
O

O

+ EtOH

- LiSH
Li+ Li+

P-
O -

S
S

O

Li+

P-
O -

S
O

O

+ EtOH

- EtSH

P-
O

O
O

O

+ EtOH

- LiSH
Li+ Li+

Li+

Li+

P-
O -

O
S

O

P-
O -

O
O

O

+ EtOH

- EtSH
Li+

Li+

Li+

Li+

Li6PS5Br (24h, 550 ºC)

Li6PS5Br (96h, 150 ºC)

Li6PS5Br (24h, 150 ºC)

Li6PS5Br (1h, 150 ºC)

Li6PS5Br (< 2 min, 150 ºC)

Li3PS4·3THF (150 ºC)

P4S10

Li6PS5Br (24h, 150 ºC)


	Slide Number 1

