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Crystal structure pre-processing
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o . * Average atomic volume of unitcell
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* Contain specific elements
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* Density functional theory (DFT) calculations

* Thermodynamic stability
* Electronic band structure
* Electron localization function(ELF)

BIL BT 4 BB ml s sems N AMCSD §ifi i B 10 4 A O s P A ]
Fig. 1 Flowchart of the four-stage “indirect” strategy for screening electride precursors from the AMCSD
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Fig. 2 Schematic illustration of extracting specific local coordination patterns from crystal structures
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Fig. 5 Electronic band structures of the 18 candidate precursors after removal of the central anion
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Fig. 6 Electron localization function of the 18 candidate precursors after removal of the central anion

AMCSD-20104). 7 A~— 4k #1710 & %1 (AMCSD-
02542. AMCSD-04880. AMCSD-11067. AMCSD-
11113. AMCSD-11880. AMCSD-12029. AMCSD-
12032)PA Je 3 A4 F L& PI(AMCSD-10936
AMCSD-13738. AMCSD-13841). X—/J345 %K
B, B2 T R O A AR S A O R, R
A AR A AN R4 RRAE () TS PR IR, A
M E 7 B B FE FME IR 75 (1) & BRI 5 a1
NUSAE TR TS 18 il 4k K 1) JE R ik,
K H Pymatgen #0146 H 5 AFLOWDBS 301 g Ak 45 44 i
RV e AT T EEXT (R 1 FioR). 45 SR, 3 Fi
ghf eI UL & O AR5 A, Hor AMCSD-11617 J&

“AB2C4 tI14 139 a e ce”, AMCSD-10936 5
AMCSD-13841 J&“ABC _tP6 129 ¢ a c”, H4 15
eI g AR DU HC 251 o 33— it 22 X &5 VTR 34
RIRFCA 7 Fh & T B KA B 25K (A10Be X4 Y2, R HT
Type 3). {HFIERMAE, B4 A [LasSra(SiO4)6]*:
de 2 SEH CRIEFEMIA B —4E BT A0, g
ISR T A 1% SRmELE R O RMA 207 TH 1A
B o AZ R A AT 5 AR I R R B 5 ) AT
AR EME, A S7(W Ca, Sr, Ba, La). B fi7({1 P, As, V)
K Y AW F, Cl, Br, Oyl AT £ Fon = B . X
—RrPE R, DABEACAX — AU ER, TS
TR G R, RN RGMEHRE S EE

F1 ETHEWERRSHN 18 RIERTIRAEL S HKER

Table 1 Classification of the 18 candidate precursors based on structural prototype analysis

Type 1 (AB2C4_tI14_139 _a e ce) Type 2 (ABC_tP6_129 c_a _c) Type 3 (Apatite) Other Type
D Formula 1D Formula D Formula D Formula
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Ca 4FaNbyO34Sig
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AMCSD-11880  ClLAssBagSr4O2s  AMCSD-17948

AMCSD-20104
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Extended Abstract

Introduction Inorganic electrides, characterized by localized electrons acting as anions within the cationic lattice framework,
represent a unique and emerging class of materials with significant potential for applications in electrode materials, electronics,
catalysis, and beyond. Despite their promise, the discovery of new electrides, especially those with complex structures, remains a
formidable challenge. Current computational approaches, which predominantly employ "direct" strategies to screen for ideal
electrides, often fail to identify promising candidates that could be derived from stable precursor compounds through anion removal.
Recognizing that an electride is fundamentally a reduced derivative of its electron-saturated precursor, we introduce an innovative
"indirect" screening strategy. This novel approach centers on identifying potential precursor materials that can be transformed into
electrides, rather than directly searching for the final electride structures themselves. Consequently, this work endeavors to unlock the
vast, yet underexplored, potential of mineral databases as a treasure trove for such precursor systems and to establish a robust,
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generalizable methodology for their efficient identification and discovery.

Methods We proposed a comprehensive four-stage screening workflow, leveraging the American Mineralogist Crystal Structure
Database (AMCSD) to systematically identify potential electride precursors. The initial phase involved the pre-processing of 20488
mineral structures to standardize the dataset, ensuring uniformity and consistency. Subsequently, a preliminary screening stage was
implemented, imposing constraints on compositional complexity, unit cell size, and explicitly excluding specific systems such as
carbonates and metal oxides to narrow down the candidate pool. The cornerstone of our approach was the pattern screening stage,
which utilized a novel topological descriptor. This descriptor was specifically engineered to identify local coordination environments
where a removable anion (X = O, F, Cl, Br, I) is coordinated by 4 to 6 identical metal cations (the XM, motif). This stage effectively
filtered out structures that did not meet the predefined criteria for potential electride formation. In the final stage, the candidate
structures identified through pattern screening were subjected to a rigorous fine screening process based on density functional theory
(DFT). This involved structural optimization of both the precursor compounds and their corresponding anion-removed derivatives.
Following optimization, electronic structure calculations were performed to assess the band gap transition and the spatial localization
of electrons using the electron localization function (ELF). Specific thresholds were applied to identify the most promising electride
precursors from this refined pool of candidates.

Results and discussion The proposed four-stage screening strategy demonstrated remarkable efficiency, successfully narrowing
down from an initial dataset of 20 488 mineral structures to a final selection of 18 high-potential electride precursors. DFT
calculations provided conclusive electronic evidence for their electride character: all identified precursors were wide-gap insulators
(band gap > 2.0 eV), and upon removal of the central anion (X = O, F, Cl, Br, I), all underwent a characteristic electronic transition.
This transition is characterized by the formation of new in-gap states at the Fermi level following anion removal. Specifically, 13
systems transitioned to metallic states, while 5 became narrow-gap semiconductors (< 0.5 eV). ELF analysis unambiguously
confirmed the spatial localization of the resulting excess electrons within the anion vacancy sites. The effectiveness of our strategy
was further validated by the identification of experimentally known sodalite- and apatite-type electrides among the candidates.
Beyond merely validating the method, the discovery of 7 previously unreported structural prototypes underscores the strategy's power
for novel discovery. This outcome not only highlights the rich diversity of electride precursors within mineral databases but also
demonstrates the generalizability of our topological descriptor for identifying the essential chemical motif required for electride
formation.

Conclusions In conclusion, we have successfully established a robust and innovative screening strategy that is based on an indirect
approach. This strategy has proven to be highly effective in identifying 18 high-potential inorganic electride precursors from an initial
dataset of 20 488 mineral structures. The indirect strategy’s success is underscored by its remarkable ability to not only reproduce
known sodalite- and apatite-type electrides but also, more significantly, to uncover 7 previously unreported structural prototypes. The
comprehensive spectrum of electron localization dimensionalities (0D, 1D, 2D) observed across the entire candidate pool further
highlights the broad applicability and generalizability of our methodology. This work establishes mineral databases as a rich and
valuable resource for the discovery of novel electrides. It also illustrates the power and potential of precursor-targeted screening in
uncovering new materials. The generalizable framework presented here offers a versatile and powerful tool that can be extended to
the systematic discovery of other functional materials based on specific local coordination patterns. The identified candidates provide
a solid foundation for future experimental synthesis and in-depth investigation, paving the way for further advancements in the field
of materials science.

Keywords inorganic electrides; precursor; topological pattern recognition; high-throughput screening; first-principle calculations





