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Introduction
The importance of secondary batteries rises due to the increasing demand for electric devices
and cars. A secondary battery consists of two electrodes, anode and cathode. In particular the Liion-battery is important due to its high energy density [1]. The usage of a liquid electrolyte leads to
several problems as flammability and restricted voltage stability window. Those problems could be
addressed by using solid electrolytes [2]. Their biggest challenges are a lower ionic conductivity
(about 10−4 𝑆 𝑐𝑚 𝑠 −1 [3]) compared to liquid electrolytes (about 10−2 𝑆 𝑐𝑚 𝑠 −1 ) and the resistance
at the electrode-electrolyte interface [4]. Mainly research focuses on Lithium-ion-conductors,
although there are some issues with Lithium as controversial mining conditions and availability [5].
Since Sodium is one of the most abundant elements on earth, it could be a possible substitute for
Lithium [6] . The task was, to find and characterize new compounds in the ternary Na-Ge-P-phase
system beneath the already existing compounds by using the stoichiometries of already known
phases from the Li-Tt-P-system (Tt = tetrel element) and substitute Lithium by Sodium.

Experimental Methods
Synthesis. The elements (Sodium,
Germanium and Phosphorus) were
weighed-in and transferred into a ball-mill
cup. After ball-milling, the products were
filled into Niobium-ampoules, which were
sealed. The ampoules were tempered in a
tube furnace for different time programs
and temperatures.

reflections which fit to the already known but
structurally not fully clarified NaYGeXP6-Xcompound (𝑋 = 0 − 1, 𝑌 = 4 − 5).

Powder diffractogram of the sample with Na3GeP3stochiometry, containing reflections of Na10Ge2P6 and
reflections, presumably belonging to the NaYGeXP6-X
compound at 2θ-positions 14.481, 15.560, 15.980, 18.304,
31.401 and 32.210, which are indicated by asterisks.

Ternary phase diagram, which shows the existing phases in the
ternary phase system Na-Ge-P and the investigated
stochiometries within this phase system.

The structure can be described by free
rotatable GeP-clusters with different
Germanium and Phosphorus contents. The
Sodium atoms lie between the clusters.
Comparing powder diffractograms of different
samples, where each contains the
NaYGeXP6-X-compound, reveals, the positions
of the most intensive reflections differentiate
from each other in every sample. This led to
the assumption, the NaYGeXP6-X-compound
has a phase width.
The structure can be described by free
rotatable GeP-clusters with different
Germanium and Phorphorus contents. The
Sodium atoms lie between the clusters.

Temper program which was used for the sample with
the stoichiometry Na3GeP3.

The temper products were characterized
by powder- or single crystal X-ray
diffraction.

Results and Discussion
The powder diffractogram of the sample with
Na3GeP3-stochiometry, contains several

Comparison of powder diffractogram cutouts of samples with
different stoichiometry and synthesis conditions (tempered at
500°C (= C500) and 600°C (= A600)) where NaYGeXP6-X was
found. Shown are the most intensive reflections, which are
slightly shifted in every sample.
Assumed structure of NaYGeXP6-X (𝑋 = 0 − 1, 𝑌 = 4 − 5).
Whole structure with GeP-clusters and Na between it (left)
and single GeP-cluster (right).

Additionally, some of the investigated single
crystals only sputtered the X-rays in a small
amout, which led to the assumption, the
structure is semi-crystalline.

Conclusion
In order to investigate several stoichiometric compositions in the ternary Na-Ge-P-phase system, the NaYGeXP6-X-compound was found
(𝑋 = 0 − 1, 𝑌 = 4 − 5). The research internship led to the evidence, that this compound has a phase width. Furthermore it can be assumed, that
it is partially crystalline. The next step would be the optimization of synthesis conditions to find the best synthesis path for single crystals as well
as the investigation of further stoichiometries, which could lead to compounds suitable for application in batteries.
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