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Abstract: The O 1s XPS binding energy is a key indicator for identifying oxygen chemical environ-
ments in inorganic materials with broad applications in energy materials, catalysis, and synthesis
monitoring. However, the cross—system peak assignment relies heavily on extensive validation ex-
periments. In this study, we developed a composition—driven machine learning framework based on
O 1s binding energy data from 514 oxygen—containing inorganic compounds. This framework exclu-
sively uses chemical formula inputs for low—cost pre—experimental peak—position estimation and trend
assessment. Using the original compositional descriptors, the Gradient Boosting model achieved a
test MAE of 0. 505 eV. After introducing physically inspired descriptors, including the cation field
strength and transition metal fraction, the MAE decreased to 0. 481 eV and R® increased to 0. 716.
The mean cation radius was identified as a key variable, a finding further supported by the XPS mea-
surements of Ca,,MgM,0,, (M=Al, Sc, Y) . For the paired salt/oxide systems, the model pre-
dicted the relative chemical shifts with an MAE of 0. 339 eV and a R® of 0. 822. This method provides
a low—cost and interpretable auxiliary reference for XPS analysis of complex oxygen—containing inor-
ganic materials.
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Table 1~ Chinese and English names of compositional and enhanced descriptors and their abbreviations

Category Chinese name English name Abbreviation
LA HIRFF -5 BH B L Mean cation electronegativity Mean EN
FEL N IARATF FH &5 - A Mebr i 2 Standard deviation of cation electronegativity EN Std
FEELFIRAT SEEIBH R TR Mean cation radius Mean Radius
TR IR AT FHES 2P AR b 22 Standard deviation of cation radius Std Radius
Ere s libuyd O JEF %k Oxygen atomic fraction O Frac
FEL A IRAF HIET53 4 Hydrogen atomic fraction H Frac
FLZEF IR AT 3k OH [ 85 7 L £ Non—-OH anion fraction Anion Frac
TR AT FH BRI 2L Number of cation types Cation Cnt
FELR AT Y HE PN SRR Mean cation valence proxy Mean Val
TR IRAF B iy Compound family code Family
TR IARAT FH 85 7175 Cation field strength CFS
BRI AT FHES 72427 S Cation radius variability CRV
TR IR L VE 4 JE L Transition metal fraction TM Frac
SEHET BUN R B8 - S A EAEH] Anion-valence interaction AVI
SR IR FF 5 - L £ Cation fraction Cation Frac
IR IARAT E|Ei gl gy Non-integer stoichiometry flag Non-int Flag

2 ZER5i1e
2.1 Ol1s#&EHEEr%H

KRR TEIEED O s, O 145 REE 70 H ok 527~534 eV, FHHE R
531.07 eV, %A 531,20 eV, FRUEZELI N 1.27 eV, MgO ZHRNL T4 AR N EARLS SREM, X5
S TRV ALY R AR R BA B O s 25 S REM I —E,

50 { === Normal fit: p=531.07 eV, 6=1.27 eV
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Fig. 1 Distribution of O Is binding energies in the dataset
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2.2 HRFHEXEDN
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HRAF . B3 FTR, BILASE R O 1 HRRF 28 M B KRR 7 22, FERor sk £ 2R H
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Fig. 2 Distribution of O 1s binding energies by compound family
I 100
I 95
PC Top Feature

90

PC1 Family

85 PC2 Mean Val

PC3 Cation Cnt
80

Explained Variance (%)
Cumulative Variance (%)

PC4 Mean EN

(18 PC5 Std EN

70

[ 65

2 4 6 8 10
Principal Component

3 LR AR AT S RS T
Fig. 3 Principal component analysis of baseline compositional descriptors
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Fig. 4 Correlation between compositional descriptors and O s binding energies
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Fig.5 Correlation matrix of baseline compositional descriptors
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Fig. 6 Performance comparison of baseline models
A. Five—fold cross—validation MAE and validation—set MAE for different models; B. test—set MAE; C. test—set RMSE; D. test-set R* (A.
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Fig. 7  Error analysis of the baseline GB model

A. distribution of absolute errors grouped by compound family; B. representative samples with the largest absolute errors and their signed errors
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Fig. 8 Effect of physically motivated enhanced descriptors on model performance
A. test—set MAE comparison between baseline and enhanced models; B. test—set RMSE comparison; C. test—set R* comparison (A. FEZRH
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Fig. 9  Prediction results and residual analysis for baseline and enhanced models
A. predicted versus experimental binding energies for the baseline GB model; B. predicted versus experimental binding energies for the en-

hanced GB model; C. residuals of the enhanced model as a function of experimental binding energy; D. residual histogram of the enhanced
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Fig. 11 Prediction of O 1s relative shifts in paired salt/oxide systems

A. comparison between experimental and predicted relative shifts; B. experimental and predicted shifts for representative salt/oxide pairs; C.
shift—prediction errors for representative pairs (A. SERHIRHLES SETMBIMAAHIAATH; B, (IR AL R 550 DR R
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