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Supplementary Figure 1. Statistical behavior of interface " crit at 4V. (a-c) The distribution of ™ crit for

binary pseudo-phases where one of the interfacing materials is
Statistical figures of merit for each four SSE distributions.
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kerit vs composition for LPS interfaces
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Supplementary Figure 2. Oscillatory nature of Km't. Four one dimensional slices of the K rie S
composition manifold show the oscillatory nature of Kcrit. In practice, optimizing the composition to

minimize K erie is non-trivial as this oscillatory nature is compounded in the 117 degree of freedom
(number of elements minus one) composition space.
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Supplementary Figure 3. Structure and mechanism of decision trees. The figure shows one of the 50
members of the decision tree ensemble. The decision tree is formed by a hierarchy of nodes, with the
composition as input features and K,; as output. Each node has a criterion to determine how the
information flows through the tree. An example of information flow is illustrated with red arrows and if
the specific flow is with a K,,;; increase (K1) or decrease (K, ). Apart from the decision criteria, other
information that helps to balance the tree and regularize training are also shown in each node. At the
beginning, criteria are randomly initialized. Both the feature and threshold of each criterion will be
updated during training to minimize errors. Those nodes with darker [lighter] node background
correspond to features with higher [lower] predicted value of K for the given input. The precise value of
the coloring represents the average value of all instances below that node. While each node corresponds
to the evaluation of a single element, each element may be evaluated many times throughout the tree.
Thus, each tree represents an approximate mapping of the K.;; manifold. The ensemble then performs a
weighted average of the predicted manifolds for the final value.
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Supplementary Figure 4. Interface decomposition energy and K. at 2V and 3V with composition
modification. (a, b) Predicted K. of coating materials at the interface to LGPS electrolyte at 2V (a) and
3V (b) versus the parent (0%) and modified glass coatings (1.25, 2.5, 4, 5, 6%). (c, d) Predicted interface
decomposition energy to LGPS at 2V (c) and 3V (d) versus the parent (0%) and modified glass coatings
(1.25, 2.5, 4, 5, 6%) at different K.
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Supplementary Figure 5. CV test for the parent glass (left) and modified child glass C6 (right) for the first
5 cycles. The charge curve lies above the discharge curve for each cycle.
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Supplementary Figure 6. Predicted K, for self-decomposition energy (left) and predicted self-
decomposition energy at different K4 (right) at 3.5V for the parent glass and 5 modified child glasses.



Table 1. Results from decision tree optimization of known sulfide glass SSE’s. Each child allows various
levels of composition change from the parent compound as indicated by the constraint. A 95% constraint
allows for up to 5% change in each element’s fractional composition. All compositions are normalized to
1 atom per formula unit. The constraint is in some cases approximate, as changing the composition of one
element will affect the composition of other elements, resulting in, for example, the final amount of
changes slightly exceeding 5% (10%) in the 95% (90%) constraint group. The predicted K., is at the 4V
interface to LSPS sulfide electrolyte.
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Table 2. Results of the predicted K,,;; at the 4V interface to LGPS sulfide electrolyte. The K.,;; shows a similar
decreasing trend from parent to child A, to B and to C.
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