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Lithium sulphur batteries attract tremendous interest since several years due to the high potential as 

an advanced energy storage system. The fully lithiated state of two lithium atoms per one sulphur 

atom (Li2S) corresponds to a theoretical capacity of 1672 mAh/g sulphur, which is about five times 

higher than commercially used cobalt-based lithium ion batteries. Recent studies demonstrated a 

practically available discharge capacity of up to 1470 mAh/g sulphur over more than 1000 cycles [1]. 

Considering several other promising research results concerning capacity and cycle stability a widely 

spread commercialization of Li-S batteries can be expected within the next years. 

However, the structural phenomena, which occur in the electrode materials during the 

electrochemical cycling have been rarely studied. It was generally assumed that the pristine 

orthorhombic -sulphur phase is re-formed after each cycle. Recently though, Walus et al. [2] 

presented remarkable synchrotron based in situ measurements of Li-S batteries at room temperature 

and proposed a metastable monoclinic -sulphur phase at the end of oxidation (charging). In situ X-

ray diffraction experiments by Villevieille and Novák confirmed those results [3]. To the best of our 

knowledge, no further detailed studies and analysis were carried out so far. But still there are many 

ambiguities.  For instance, the evolution of phase amounts, lattice parameters and atomic positions 

and microstructure formation was not summarized, although those structural informations are 

essential to reveal underlying fatigue mechanisms and finally to improve the composite chemistry. 

Our group successfully established the beamline P02.1 at PETRA III for in situ battery investigations 

and demonstrated an outstanding performance concerning available q-range, instrumental and time 

resolution [4]. For Li-S investigations, we used pouch cells instead of the special in situ cell design. 

Thanks to the high beam energy of 60 keV, absorption effects caused by the thin casing of the pouch 

cell can be neglected. Bragg reflections which correspond to the pouch cell casing (Al) and the current 

collectors (Al + Cu) are successfully described by a Rietveld refinement (Figure 1).  

 

Figure 1: Rietveld – plot of a Li-S pouch cell in initial state 
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phases:

1. S (Fddd)

2. Cu (Fm-3m)

3. Al (Fm-3m)

4. CNT (P6
3
/mmc)



The positioning of the samples, the galvanostatic cycling curve and a waterfall plot at low 2  values 

is illustrated in Figure 2. We measured two samples simultaneously by rotating a multi cell holder 

and collected about 200 diffraction patterns over more than two cycles. The distance of the 2D 

detector to the sample was set to approximately 1.6 m. The waterfall plot (after full integration of the 

2D diffraction data) demonstrates high quality diffraction data also at low diffraction angles, where 

the major Bragg reflections of the sulphur phases occur. For the first time conventional pouch cells 

were successfully measured under in situ synchrotron conditions. No modifications at the current 

collector or pouch casing were necessary. 

As expected the initial -sulphur phase is fully decomposed during the first reduction process. Bragg 

reflections, which can be assigned to passive additives, are not influenced. During the first oxidation 

plateau no additional reflections occur. However, at the end of the charging process numerous Bragg 

reflections become visible. Due to the high density of the new reflections at low scattering angles, a 

low symmetry structure with a large lattice volume is assumed, which is in accordance to the studies 

by Walus et al. [2] or Villevieille and Novák [3]. Moreover, our results show a fully reversible phase 

transformation. However, the intensity of the reflections of the second final charge state slightly 

differs from the first cycle, which indicates both a different crystallite orientation and atomic 

displacements within the S8 rings. Such detailed structural informations will require a fundamental 

data analysis by Rietveld refinement. 
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Figure 2: In situ synchrotron investigations of Li-S pouch cells at P02.1: a) positioning of the pouch cells on 
a multi cell holder b) E vs. x diagram of one pouch cell c) waterfall plot of a chosen 2 region; blue: end of 

reduction (discharge), yellow: end of the first oxidation plateau, red: end of oxidation (charge) 
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