
Electronic Supporting Information (ESI)  2019, Hanghofer et al. 

 

Substitutional disorder: Structure and ion dynamics of the 

argyrodites Li6PS5Cl, Li6PS5Br and Li6PS5I 
 

I. Hanghofer,*a M. Brinek,a S. L. Eisbacher,a Brigitte Bitschnau,b M. Volck,c V. Hennige,c I. Hanzu,a,d 
Daniel Rettenwander,a and H. M. R. Wilkening*a,d 

a Christian Doppler Laboratory for Lithium Batteries and Institute for Chemistry and Technology of Materi-
als, Graz University of Technology (NAWI Graz), Stremayrgasse 9, 8010 Graz, Austria. 

b Institute of Physical and Theoretical Chemistry, Graz University of Technology, Stremayrgasse 9, 8010 
Graz, Austria 

c AVL List GmbH, 8020 Graz, Austria 

d Alistore-ERI European Research Institute, 33 rue Saint Leu, 80039 Amiens, France. 

E-Mail: wilkening@tugraz.at; E-Mail: isabel.hanghofer@tugraz.at 

 

The electronic supporting information contains results from Rietveld analyses (Figs S1, S2) and further 

information on NMR settings (Table S1); 35Cl, 79Br and 127I MAS NMR spectra are shown in Fig. S3. 

 

Fig. S1 Crystallographic data of Li6PS5Br, Li6PS5Cl, Li6PS5I, and Li6PS5Cl0.50Br0.50 obtained from X-ray powder dif-

fraction. GoF means goodness of fit (GoF), the weighted R-profile (Rwp) and the R-Bragg (RBragg) values are also 

included. The differential plot as well as the hkl indices are shown, too. The hump at approximately 25° is due to the 

mercatpo foil, which was used for the measurement  

Li6PS5Cl

Iobs

Icalc

I Iobs calc-
Miller indices

20 40 60 80 100

2 / °Θ

20 40 60 80 100

2 / °Θ

Li6PS5Brl = 1.54 Å
a = 9.8569 Å
GoF= 6.12
R = 5.71 %wp bragg= 13.51 % ;  R

l = 1.54 Å
a = 9.9860 Å
GoF= 4.63
R = 4.63 %wp bragg= 10.84 % ;  R

Iobs
I Iobs calc-
Miller indices

Icalc

Li6PS5I

l = 1.54 Å
a = 10.1446 Å
GoF= 3.53
R =  4.66 %wp bragg= 8.53 % ;  R

20 40 60 80 100

2 / °Θ

Iobs

Icalc

I Iobs calc-
Miller indices

Li6PS5Cl0.33Br0.33I0.33

Iobs
Icalc
I Iobs calc-
Miller indices

20 40 60 80 100

2 / °Θ

l = 1.54 Å
a = 10.017 Å
GoF= 4.74
R =  5.24 %wp bragg= 10.27 % ; R

a) b)

c) d)

Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2019



Electronic Supporting Information (ESI)  2019, Hanghofer et al. 

 

 

Fig. S2 X-ray powder diffraction patterns and crystallographic data from Rietveld analyses of the Li-argyrodites 

indicated. As in Fig. S1, GoF means goodness of fit (GoF), the weighted R-profile (Rwp) and the R-Bragg (RBragg) values 

are also shown. The differential plot as well as the hkl indices are included, too. The hump at approximately 25° is 

due to the mercatpo foil, which was used for the measurement  
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In Table S1 the experimental settings of the magic angle spinning (MAS) NMR measurements are shown; 

The table includes pulse lengths and delay times for the 6Li, 31P, 35Cl, 79Br and 127I NMR spectra. In Fig. 

S1 the corresponding spectra of 35Cl, 79Br and 127I of Li6PS5X (X: Cl, Br and I) are presented.  

 

Table S1: Settings to record the MAS NMR spectra of the argyrodites Li6PS5Cl, Li6PS5Br and Li6PS5I, respectively. 

The pulse length varies from 1 to 4.5 µs and the delay time from 1 s up to 180 s.  

sample measurement pulse length delay time 

Li6PS5Cl 

6Li 3.0 µs 10 s 

31P 1.0 µs 10 s 

35Cl 4.5 µs 1 s 

Li6PS5Br 

6Li 3.0 µs 10 s 

31P 1.0 µs 30 s 

79Br 1.3 µs 1.4 s 

Li6PS5I 

6Li 3.0 µs 10 s 

31P 2.0 µs 180 s 

127I 3.0 µs 1 s 

 

 

 

 

 
Fig. S3 35Cl, 79Br and 127I MAS NMR spectra. Asterisks, see the NMR spectrum of Li6PS5I, denote spinning sidebands. 

The narrow line at −86.4 ppm shows a negligible impurity phase. 

 

MAS NMR spectra ere recorded with ambient bearing gas and drive gas pressure. We measured the av-

erage temperature of the rotor with external thermocouples in the direct vicinity of the rotor. According 

to calibration routines using lead nitrate (or KBr), under the conditions described the mean temperature 

inside the rotor is 34(2)°C. 
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