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Fig. 5: (a) P MAS-NMR spectra; (b) Cl, Br and I MAS-
NMR spectra of Li PS Cl, Li PS Br and Li PS I.6 5 6 5 6 5
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The P MAS-NMR spectrum of Li PS I is very sharp 6 5

and well-defined, that of Li PS Cl is extremely broad, 6 5

indicating a number of poorly resolved contributions. 
31

Most interestingly, the P MAS-NMR spectrum of 
Li PS Br seems to show both, a sharp and a 6 5

broadened component, the latter again consisting of 
several contributions (see Fig. 4a). An analogous 
behaviour is observed for the halide resonances (Fig. 
4b). Both results indicate that the iodide phase 
appears to be fully ordered, the chloride phase fully 
disordered, while the sample of Li PS Br consists of 6 5

both, ordered and disordered crystallites or domains. 
The NMR measurements confirmed the results of the 
single crystal investigations for Li PS I and Li PS Br 6 5 6 5

(Fig. 2), which accordingly complete the results for 
Li PS Cl.6 5

Introduction

erThe family of Argyrodites is named aft  the mineral 
c arAg GeS  and h acterized by a broad spectrum of 8 6

 (substitution possibilities for all three elements. e.g. 
, S , uctAg AlSe  Hg SiS , Cu P Cl  etc). The str ure of 9 6 4 6 6 5

t com o e-hese pounds is based on a tetrahedrally cl s
men c al n packed arrange t of the chal ogen/h oge

ol l at hase atoms, top ogical y rel ed to the cubic Laves p
[1]. T  ms, l  A(e.g. MgCu ) he A ato  a most exclusively g 2

C  r olor u, occupy a part of the tet ahedral h es in a more 
e s er f cantor l s disordered mann , resulting in a signi i  

i f sionic conduct vity for some o  these compound . 
nSurprisi gly, up to now, only one Li-argyrodite was 

“known. Brice described the synthesis of a poudre 
P inoire” containing Li S together w th Li P S  [2].7 6 8 2 9

I cour ofn the se  our investigation on Li-argyrodites, we 
 hi e, F4 m, a 1 m nd obtained Li PS  (w t  3 = 993.2( ) p ) a7 6

i Bthe quaternary t tle compounds Li PS X (X = Cl, r, I).6 5

 ent of PA first measurem  of the ionic conductivity  Li S I 6 5
-3 -1t uct cmresul ed in a specific cond ivity of 6  10  S  at 

wroom temperature hich represents one of the high-
oest known conductivities of Li ionic c nductors.

ea m he t  In the m nti e, we could prove t  exis ence of the 
cont ni nar t S (As- ai ng quater y Li-argyrodi es Li As X X = 6 5

B Ir, ).

×

Single crystals of Li PS X were measured at room 6 5

temperature on a Stoe IPDS diffractometer. 
The compounds crystallize in space group F43m (Z = 
4; Li PS I: a = 1014.4(8) pm, Li PS Br: 998.8(2) pm, 6 5 6 5

Li PS Cl: 985.8(5) pm) (see Fig. 3). Additionally low 6 5

temperature single crystal measurements were 
performed for Li PS I. No phase transition could be 6 5

observed down to 100 K. For Li PS Br and Li PS I two 6 5 6 5

underoccupied Li positions could be refined while for 
Li PS Cl only the refinement of Li1 was possible. The 6 5

Li atoms follow a specific distribution pattern which is 
known from Ag- and Cu- argyrodites: Li1 is located 
above and below the common face of a (Ch/X) -5

double tetrahedron, Li2 occupies the center of the 
common face (Fig. 1a). In Li PS I, the iodine atoms are 6 5

completely ordered on one of the three crystallogra-
phically independent anion positions (Fig. 1b). In con-
trast to that, the bromine atoms are distributed on two 
positions with different fractions (S2/Br: 84%/16%, 
S3/Br: 40%/60%). S1 which is connected to phospho-
rus remains nearly unsubstituted in both compounds 
(Fig. 2). Due to the small X-ray contrast of Cl and S, 
the occupation distribution of the anions at different 
positions could not be refined.    

Single crystal structure analysis

(a)

    (b)

Fig. 1: (a) 
face sharing S3I2 double tetrahedra. (b) Section of the 
crystal structure of Li PS I emphasizing the distribution of 6 5

2- -
PS tetrahedra, S , I  and the Li-ions.4 

Positions of Li1 and Li2 (both under occupied) in 

 

Solid state NMR analysis

Fig. 3: Comparison of the measured 

(bottom) with the halogen substituted Li-argyrodites (Li PS I: 6 5

top red; Li PS Br: top blue and Li PS Cl: top green). 6 5 6 5

powder pattern of Li PS  7 6

The three Li-argyrodites were additionally investi-
7 31 35 79 127

gated by solid state NMR. Li, P, Cl, Br and I 
NMR studies were carried out on a Brucker DSX 400 
NMR spectrometer at different operating frequencies.
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The Li static NMR spectra for all three argyrodites 
show single sharp lines which indicate a high mobility 
of the Li ion. The line narrowing effect (”motional 
narrowing”) is observed already at particularly low 
temperatures for Li PS Br in comparison to Li PS I 6 5 6 5

and Li PS Cl at around 200 K. This is a possible 6 5

indication that the Li PS Br shows the highest Li ion 6 5

mobility (see Fig. 4).

Fig. 2: Section of the crystal structure of Li PS X emphasizing 6 5

the coordination around phosphorus and the mutual 
substitution of S and Br/Cl on the respective crystallographic 
positions. (a) Li PS I: S1, S2 and I ordered without any 6 5

significant mutual substitution. (b) Li PS Br: minor substitution 6 5

(1-2%) of S1 by Br (not shown) and significant mutual 
substitution of S and Br.
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Fig. 4: 
temperature.
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Static Li NMR measurement of FWHH as function of 


